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•c * ^%»*»»inctt o *»Bk . 

affk 

2. ±!5UF3 r * mat* . -WK* < fc t> n »il**»T5Jn 
tt4C kt»Bt. 

±12? ?*>* 2 n J: 9*8^*»*U^*4aBlCHr)Taai: 

2^©*»s*c3ffi«*M**ne>o*^©e*ttftttttK 

3, — hic * < k i> n mnt>*mt*-c *> o . 

* . * < kt> J oCDtfy h A* * v l-SAT^-aNtr* h 



*»SUK5»d<:Ne> h ^ ? »> * P} <3 * h 4> M it B K 

5. m^%aaifiif4ck*»TJt!2N^yh^^h^*«. 

6 . < 4, «SOjR»«»<OiEWJt7 k. 5R»S»<OJ* 

T*»»*4iA»r*rii#a3K!2tt<3 3:'e*-*?'o*v 
8. ±J2aiii-7 h«<iifio*i»{*f y^ncxasnt 



io. t*p<i<opafta*fl!>**<?>Httja** owncitoaifl) 

1 1 . ±R»*©2l>* < k *>E*t>*V&*mWT9> 0. 
a-»T*W;Sftfca««»<DttAk UTJ6l7«n/i£T<D5fc 

% A«-r*r»i*m i cEiio3vtf*-^^otvt. 
* hi m * 1 3i is * * * * * t <*>m <ot%n * v - ? t * * ^ % 

j-iy h©'>*<kt>S : F'vil»f*H» 



13£¥4-503582 (2) 
T^*^rara©ai*-t';»*&**affiT4»ak. 

*n6CDBa»e»$iiaufci*c. aoss nru>4» t a*© 

is. f»ii*f-^6>a$an&cK 
t < n * * 'Jrt coett* ft&nic. «ffisft-cv*4»aii* 

k ^s^©a*6*j: ft 6© u © i u. 
* hi cd u s> x * **» *© is * n ic tin r * a a fc . 

(ra + n) KSttauyA^t. 

6 a a* * «b a ^ © * a * us « s a* hi as a n * •# © * « a 



as 

is. n>**«Rtt. roj/?7««iiai/iaff^TJi 
£r * c t t>*t* a n* 

19. *«a n> a ^ e> ftfcw»j e y h k . 
«**%© a ?3 k LtB«2n4iToaau»^^ ©*s& 

WJ»e » M<?'i7 aftTV*44>* < fc 1 PA 

*©«»©*Fr*asa *»« 

20. ^y^o^«<f*«h/sw. a»*>Kt*»a ft/trt 
s<DNn3.^9 hffwjawy^o*^ a ftfc»*©*fr*aiii 

* « A 

2 1 . gf cotfttt^TOMtti^ * H±, ©^©tfctt* 
T©«Wa«X7-r&fc»7*a»U. 

Cft6>©*7tt. *7 t ft**©* ;7*t*3ZT*©»:H#fc 

cn6<5H7n, «#©»n*»cattA-* Mcto-tata 

aftfcftHa5fcflHa©Amtt» (OUfcfttf) *t*ST*©K: 



jE»*tt«*a««r * 

22. S*»»*lilC»tt*^y h»C Jt,tafl3h*4t 

ftS©A*KK7ufc«»*««T&»ak. 

ft S © A W K A 7 L fc M * ©ft* a 9c a (ft * 7 K f * iE U 
*t»A«r<e>ni*gi2 1 KlHII©3>e*-^yot»^. 

23. an*~ v h*»e»<o»7%. »****i7*ftfcniT fc 

24. t9S<0KC9»*&*%»aTAfc«t>C*ft-eftI1D S 
T6»ft*»BtOtr#iA*^»7 T»%ff«t, 

AX9 ftHffi I* *> f7 ? 4 Cfi S £ 

/s*:k*wmk-r&3^e*-^^o-t y ^. 

25. ±t2»ftii^^O^{ljTASET*C fc «rJ«FSft6ni^ 

26. ^-frtdOA^fillCICSUTCOX^aWOft^ 1 *:- 



omn^- ■» ► . 

coj:^ica«sn*3i»**a3i»i:»^) ait. 

T *#ia'SW»7 Ufca»*i*EU, C©l*7iJl«4:*<Da*Q 

ft s<k> * him * * a a r * n ■ t . 

ftS«0*»«»OSg*fll»ia-y h k: a <1 T * « » fc . 
< k fcfti5<&*aa*KMT*l*7tJIISiC£GSL. *<D 

*trfcck*^UTi^&ja£Ktfl"3T*©aw<o3ia*i*ST 

6 1112:, 

'J>tt < k i,ft*O*WSI1K0?iaJCC»U. CCDJ:^c?|iH 

ufcama'ftmsarttnfi^cfcfra-r^Kft^wiRaa* 
27. m*<n*xmnt>**n k»7 l,* c k omtacicsu 



tt?i¥4-503582 (3) 

n ft * t a * a a* %■ a a s si at t . 
n^w^^c/oTiiiE snfcaw*>5*aa*©?is* 

*4,A«T*nj*i*26£tHi*<9:ave*--*7'o<t,r*. 

28. n^wo^f. aassif e>nfc»so»n<7)^ ^ic 
WL^a#a27iciH«c3:Pvt:a.-*7u-ty?. 

«tl^-y HCJ:6«JI^I»7CBt*flHI%§*»M*» 

k m » -r * a ot k , 

Ttn«<flWlf7l//i^atft<D»7ttiE1tTJ!^fc^t^S 



*»a*<D»**an^~y nca<iT*H»k. 
»nai7 ht»^oi?7fli»8K:K;*fc. £*nc**7Lfca 

< fc tC<0)fi4OiRflll»k. J: 9»V>£T <0*«SII fc * 

-c<D*aa**aibstf&»«fc. 
a ai u » t» * a a jko ^ ^ ic «6 1> « n x v^/i ^ 

ft* 6 * * »» 

so. ^coa^**fta^*aw*o^ ^T*«n^u 
2 9 ic 12 «<d a v e * - * o -e * . 

31. *aaw©**<fc is^t + nfnt'jjfiTSia 

vfta**M»T*:*asT-*^T. 

T-fc**7***a»WICW9!»JT*tt»fc. 

w 4 © * a a »**5c7 r * * a a r * an t . 

* ^<oat»3 *«ttr*j:^K*aa*<oa*M«t-* 

an t 



3 2 . JcI2l!Ht4«»i*. -»K*< t<»na»**a-SJ 
II fc T* C fc tPF8L 

feff an. 

2 -3<o*aa*<D«w*M**n*©* e ttttc 

J: oTaSTft * J: } K Ufc 
a** 3 i >:Cfl(D^tt. 

3 3. Ulla- v h**iH7 f*fJ*J6><D**rt*JB% s wt* 

»tt«fc, 

«rt>*»T*»*a3 1 itlSllOTja. 

3 4. t»rtcr)fflll*><Oa »0fflttJ***0l»f*!0*T<DaiKD 

*t*n«T*n^ta3 3ici2ft<o»a. 

35. Jtt2a*<B;l>* < k t)8fi'4^*»JlT*'). 

tt-jT^iwan/i^ttaiK^ttftktTftffanfc^Tco* 



36. aScDSS»a»*8lIET*«»k, 

1 5i a s * *a*k cDMCDun* v-?-r** ^* 
*4,AaT*r»:xjj3 i icreaco^a. 

3 7. tf n©£T©a*©*ia***JttKft-»fc*IC<>!>**© 

tiwofln<»»05i»»cD?iaA»ai7«n* x ^ icmna** ^ * 
-rttr&aa 

I»*a3 6 £fHB<D7j&. 

38. 4>ft < k Hn6(Di«i^*»Tii **aMiatt i, 
T^ft^aMOM^^'jaai&^fraaTiaafc. 

*t>AaT*n*ij3 etieaoTm. 

39. »8i&*r-***aassn&*». tiiu*v?i/it> 
- * us u si wsR ran 



»?S¥l-503582 (4) 

4 0. _h 12 ft fj S HI railO^o^^v^aoui^A^td 

* a © ^ » x * x m a *®tt % n c Mm r & am k . 

% 0A«T*tt^qi 3 1 CKBOfltt. 

^ * -ccia u ^nffBi«n<r^c k*«HT*a»fc. 
ffi»*6tta^©*a*»*tt»a«*tti«nfc»©ifct7t*ai 

an 



a a • 

*-f***atcna^/w:r?-<><>! ( fc«TA6. cisc 

a* * a o a a ft* * y mvatak, ■a<o/w7'^^> 

kaoxaiticft*. atEett a-cn/w 
? ^ v a * a f- * y a * s »«o 9ft* * * * * w n« ft e. ft ^. 

aa4<a*«nTv*6. A**jtaaft4>n9 9 r 'W a t*» 

wntf ft e»ftv*c fc . ttoT»*tt«ac/A*-t> a - 
*. 

*awi*. ^ot?trt<!)iinai»i'^»ic»iiT6/t'f 
r5o«»fAfAt«*T4. aai^htt. *na#© 

-r s y?u. a^tiaaanTiEaicnaT&^kaft^. a 



*6inriroi ^ tz aa r*©*»©»a*iE»K:jsn* 1 eaa«ft 

< . /W7?-f>*-fS;/$r©Ollfti/5*U-S/»i'* < *« 

ic*4>r *. f6SE«^T»±ft eftir%aa«aic«r 

&«*©/< » 9 7 * b **Wft 6 C fc IC X -»T. >W 7 

? * >©a»tia*:naT*. **wi±. aaftwaft/wr 
* * >M«aar a ft < -»<tanfct*«*«a l. -tnic 

^i«of«:%M^7« n-*ttflfc«a#>«nfcat*siBK 

JtoT«*Wft?H7. if^T 4 7 Stfatti-* ► 

n&i;in»^9 k »©<»*©3aw»a©««Knstt*tttiK. 

B«ftJtM*M6 c fc*»T 8*. ch^n?)t*9t4fc» 

Batnu, r 3-yaatt***««i&ft^6n/i^^%»i 

T4«Cia» ( p-op trrttp-opi ) *. aXL«9£ 
f7-C8«attoatl^-7 h K«fTT ftIW.«Ktin*f 
© p-op«*5*a fc r ft £ fc **T 8ft. ^^14. 2-D©*» p-o 

p»©««*b (•*«) %»a-ct * js KTftfcocaixica 

fisn*. #XE©*a«lcai>Ttt, * ^ll. *ft < fc o 2 n 

oBBicji-srjtff sn. y cohbh. a 

n ft *UK X r» Tfflrt *a %&E*J« ft 6 t * * <D IC *C 9> 

conaei-cn. i6^^««af»8n. 7 p-ep«**afc 

5R» p-op«t±. *n6©*frMIC9iaT p-op« tt. -t-n 
*«s7Lfc«»co», io*,ai»tt4BaaatiA-» ncjtor 



*n#»7 «*«>nfci*ca>*3iaT*c t s^cd 
**icii. amaetf 5ia«»*WT&x7C£ p-opi$». i 
*fc«*niyicDmfliT&«^ p-op»<,jktt* * -essays 

*W P-opitt. t> l*n^Illai v h C J: oTHWICttT 
il^'Aff Ul**7 T *p-op$*/a«>»»CX7 T* C t tift t IT 

* a p-op wtrtx. am-- v ^iideni. c ntc ^ 
r. -T-iatf fir «>y a A<oasay««A j aHja^Hanfc 

£7-**?**<DaSlCti. jfr* < (m+n) «<Ot*a 

i* * van en*. fi3uy^^*«iBn>A^i;^a 
-r * * * -XA*»sit 6*it^4>. commit 

fi9H>^HWT6» P-op OHJfektT*fttTIC*« 

u * <oa**n*«ui3(c*a 3 nr t^/tfta u j> a 
S«ti:i:4»Ti6. *«rtc«»snfcttan>.x**J« 

p-opdMia*fcttn*»«en*r** ^ atstitift*© 



B 2 tt. f3-^ (DEC) <D*L"<A,7o*?«B. 

H3«. DEc^nte^yoy^uB, 
H4<>. DEcomatiyo,?iiB. 

B9U. ^>)KV4v;'/anRfl| (MCC) O7o, 

B I 0(1. ttetHl7A-7K (I EU) W7o?;ttH. 
B 1 t tt . HI 0 <& MttHfr i-yK ( I E U J (07o 9 ; 
UBOMt 6 . 

Siii. p-op^< x 7 * - v 9 h . 

»2I±. »a7KU'XXA (PAdcBus) 7 * -V y h . 

» 3 ♦ f-Mt?l/i/U ( OIOBusI 7 * - v * h , 

»4U, r-^Xtt/t* (DXBupI 7 * "--7 v b . 

»7tt. p-op*l7Bt/*f*CDl,-*>*. 
JLHJ3 

B 1 II. *fH«*«*AnfcC P U IOfl3?o 7 ?UBT 
F86t»ftthl>CH*4CPUtJ. Jt> 7 * JV .=- 7 
«*>^?9?0<f - 3-«KU-J/i 1881* IC ft 



If £¥4-503582 (5) 
x»/5tfliawPA?ti»siTv^. <s»«aa*a%raaT 

<i*fc<«ff*nfc p-opiacjtmstiaQT. *bi<d p-opp 

7*o-e»^©ttai*»Tck%^ii<ae)L**»iott«tt. 
• • a>*»*>(7 w<*>« m%#»t-r*. bi>*m p-op 
(7 k u^ac/r- * *sE«tT* p-op ) a<*a-e*>&ioiM«p 

^t^^iiao. »a#. >w?77 

> h u * * * y ^ttj7JT*. 4>L«a p-pp a»n*we>n 

1 p-op *<> p-op Kjt9-r*«aftft6>*>; 

(*ncK«snTi**r-***a*mL p-o P ^musn*. ^ 
uata» p-op *«si»Tntfa*aj u P -e P a. -t-cosia* 

p-op *<n *»W6nniis^a»ti!L P -op <>n*»w 
6 n. aatx&i** « ii*noA^(ssi»jiicR * n&. 
**t«i4>*it&tfftffioK*«aMtt. uToaaac/Biu 

?*B. 



CIHBjnXl^ Int«I B0386 OfttBfit 5»tt©ft4A* 

*7d^b. -iawicaffiA*<tan-c^4tf nufcaaa 

y 7* fctt f- 9 7W(C«]5T*. C P U tt . J/ATivU 

fl*fa-y ( dec) i2ttA*ao»i*. otra-na 
c/>t-Y 79 -< >«»%afi"re». dec j2«.3o*t© 
niffttoginQ6«%no%ftjiiinnics5Kst«. 

DEC 1 2tt. X£Cil3SO^«lfM^tyi/A ( BPCI 

i 3*^c. b p c team antaar * 9 . »«nar- 
+ wfttti;HT'o««t»^6. fMsn«^itiiciijiHffic 

BPC«<03*5Oft^yW77«fcll^«8 

» 7 y o> l.o*»<5> v * aa*«<att«n4. COv?OB 
^ttTD-Ken. H Cap (p-op) fc4». tfctt0^4,L<tt 



DEC I 2 6* Jt ft T €» ft P-optC tl . SWWt!lff*8<Di 
tlft»©2 o<D* $r<D»*****«»KB*Sr» 4 J:HtT 

OEC l 2tt*/i*»p-OFOAf-^ACOiB»k. 'W^ 
3-fXDMBfc. #BCJ&UT ttiL 

7 H » h (AP) 1 6ttJ*f77 KUA*ftIU 

9VXtA*Xat6. APttRtt*9Mt,77 (TLB) 

o. 

■ BXfT*>~ r MIEU) I 7tt»*©Ma<Hr©»-*-f * 
A-J*fr*affT*. lEUtt. 8x32ft«flAUX«fl7U 

V^^^'/HIIT-^f ?f Ytt, I E U4>Htt*<*4>£9J3E 

fta i/ n <DiitT <o w * * fc a H n *»- 75<*> iff n ** * 

t^KkA'TSi. Cfttt IEEE* B'!* BAB *%KttttlCX 
B UEUiat/»B'hBA (HP) a*ttBH*K:afr*n4. 

H<J&(/^y'/iMVBI ( HCC) 2 6 fct. 



?l^¥4-503582 (6) 

•z-r O I- 3 MC Ctt AvtA 1 I'vSW 

- a c/ :/ a v ? * - i«Bi«*5«t6. natinc. 

MCCtt. MB. #B'i>BA. St/ 1/ A T A» 8 ii^tOfcOco 

0«*t?!/^7f^TMl. ^RAMf?7 ( 1TAG) 
27ai/4t»^»BAMf »7 (ICACHE) 304dO. ! 
TAG 2 7nQftx>h>JU. ICACHE 30rtOttK 
t4«(!)fcA<07HUA^;. Wttlfvh. ai^7t>!/i> 

y h*dO. 7f>ViyK»m. DECf ?7iBPC 
P1IC +t 7 J/*«hfcC COB 6»6or-**WT*Cfc6«T8 
*Ct%nmT&. ITAG 27tt. a«»7 KUAH?A 
*3 1<DB&*<>3». *U PA *tt 3r>q>Z 5 ft-5T 

©an© i -Dioic«K«tj?»nfcB»)ii*r k u * % a 
o. 

f-M¥»l/»ir7J/Aritt. ^RAMf »7 (DTAC) 
32fi(/^t»!/»RAMf r7 ( DCACHE) 35**<J. D T 
AG 3211. DCACHE 3 6 Pi <Z> &*4> fc *><*> 7 H U A 

Mfctr * 7 h 8IT49. »-<D*-f 9 ±*K. C P U fl Cf 



/UOM*'*t * !/*;Uv?7y7*A*-7'-r*Cfc*TiJ 
37ttDCACHE 3 6*VA7A/tAI 1 *W > * 7 * - 

nfcBB6 3^r>1fSrdO«tt<0-fr^5 y^PGAWlOW 
ntk>«. O. 8^a>7)ll- 2J?oy7otAO«d 

ott/t-<y9-f>piicia»ji*nT^«<0T««K:-y-fi7^B 

« % W IIJ C I>> . ICACHE SOfiC/DCACHE 36 
W*<D«tt*-y hM<7>a«ti*B©*»>*A*y>UTil*7 

en*, cneicu. a^noii^we 4e» h i fetch 

_DATA/tA60. Bfianft P-opitAP. 1 EU. MC 

cac/Np^aa*r*i 04Kv hp-op/** 6 2 . mm P -a P . 

««%AP. I EU. MCCac/NP^aflT*5 tfy r-^iT 
ttS/U63. ttB7KUA%liT632tf»H>ll7FU 
A /t A ( PAdrBua) 55. ♦ r » !/ 6 4 tT > h 

<»arfoic32tfv h) r-Mr»v»/t^ (diobo.i . 

* yM3JB« 3 2 \£ * h T- 9 2 » /< X (DXBm|58. 
♦ t»!/ 4 //t'JIII)B64tf»h^^. Stf 
X (U^S8irt*-y h4»^D EC I 2 * TO A P If 7 * A* 
60. IEUB7/1A6 2. NPH7^U63. fitTMCCH 

7/ues) *«d*n*. ;h&o;uoi?iit«TA«). 



iTtt^M <*M**ft:) ?t>4. -BWIC. «tt^-y HW 

aaoch^o/ufoiiiicHUTttttat*. »»cmo 

S X 9 4 *BM*M<fc I /OOffBI^ICAhtl . tattl/A 
tA^O,?(J7*-Xl (PI) i7*-X2 (42) fc <D 

»©iinT»£t*ct%iiiPtTv>6. * 2 h a a . as 

f»74«» 1 ©•* 9 ©MCWBr- I/O K^-T/^ 
(Blt6^16^6. *ttf-^tttt«4 2ip|C*fflty7(D 

i /otifli: x. o T«i8an*. ♦ i eaiiTfltRW©* -r 

Bl-6tt*n*n. P-0P7U5 2. PAdrBusBB. 
D I 0 B u 6 5 7 . DXBusBS. IEU«7^A62. R 
yAPH7/U60OytA7#-7y ► *JftT. 

ftttA3 7#-r-f y^llilft*n<r^. DEC 12H7- 
^T^y-rPlce^ ©«#B»MW*UWL. BBBIU^rlCT 

p-opo?«i7%aN»ae»tt*. sum- y v n . 4-na»a7Pi 

A A» U^A»TBl7S n*. 
63 < /t-< ^9 4 XfcSnfcBMTtt, /t-f 7*?-( v<5«*0 

tt«icfiit*«n«a!« 1 iioiK:»*ttfflB*<jft^T. 



«»»aeJ — Mfl9T » 9. /W7'9-<>i'5*l/-V»>%tt 

ta < afiLfc una * fc«tt*. 

«*«H)ttCfl)ttH«%fiIlT&. DEC I2ttf3-F 

snfcd^ ( p-opt) %HfxL. una-? njffioana 
dec i 2 tt. ni76 J «nojft*ia rTitt7Lfci»A** 

It4*H^. tlTCtt«T6ttiri*«flllTDECtt|« 

_fc« Lfc .* ^ K. ftllla- v H4 D E C I2^J(4»7 

P-op*»X7Ufc«Ak. *<0*r: y h £ Jt ->T if <9Wtt (fcU 
fctttf) A**aj* ftfcC0A»*«ij*T4. DECttu(OttKt« 

«*a»L. *tT«niiatHKiUft^ntf «r 
t*sf4. 

H»»TICI55tTDEC 1 2 UC . »M<Dtttt*W*<0 * 



ft $¥4-503582 (7) 
7^odeco«;»o»» titonsttSAititST^ t 
a«Tt *jt^icr*. cne»fctn*>«9 ? *Q*fr* 

SI. aciitta- y ► a*MtT*4. 

n*>wo *a*«. dec i 2**ftf7Ufc*i**a«a» 

£-»U*ttfntfi*6*t>WlCDECa<f6HT4.fl*W9* 
l7ntf*£*^*%fc©M<&m||*«giT4*^e»±T<0»rt 

4. mn*-v ha. d^*dd*misT* 4: o t>*< <D*mm 

K«m"6Jtt*Ui>A**1ILTV>4. DEC 1 2 tt . 7a$r 
^A-ToCSfcoTDECIJ, lfl]f;ttIIH>^^lft^ 

4 . uy^^JtIt;t,?79ht6fi«>i:tt. DECtt'K 



a < r» * a * r * n e> @ a v a h <osfc« ic a * 4 c t a* * 

^ J: ^ ICXfcKft < L ft B 9 * h <D» 9 KEB3 H4. DE 
Ctt. UTJCttWT* X ? K. UW >^«<D«e^ * 7 * *«t 

» * tt M C C 25i;«HT(!ffl«n l 

}KUTt,ff±T*4aS , C*^"a»tU**afrT4. 

enemas. XE%iiffT4aii & 

aa<o*»*<3<9*;r (DEc*»*>«»*n&) 

(3 4 < 9 . * fcaiia.- * >-aSMIj(S07^iS^KS 

?*<i + * < ottnaa<t**micf 4. 

nil. «*«n«ttfi»ii*R9 ts fcicm6ra*a«£T<D«* 



p-op. ttt«a-> K9p-op»*>frWrtlCiatt«n&. «7T 
4t. * C0tt*l3 3 6 4 4»n*fr *> /S *> C cX CD » K fl * n. 

ttffl^i n*H *>w* *>w uTtx<3t^a^icWo T*fT*ff it* 

4. «Atf7 Y U^4RH P y 9 %WT4> * 'J *fti&» 
0*6. APtl>*VTKUA%ttJir4CkttT«»5rv>T4) 
4^. L<»tl EUttf-^t»MT4Ci:««T*, »%IC* 
n*fr^. * Wtttt<9d^'Mtlit 4. APO-YV^Oy^tt 

ntu\. an. iEun*n©iif7%a6«t*4 3a». *fctt>*g 

*^?>HtKllt4:i:fi'T8 4. COHATAPttlEU 

i#scoait3.-v h <o tijA 6 t ft u . :ntinnaa.tT 

*C«^m^5>L*Tfc>4*»*>»jn4V>c tlC*< SIW*»4 
gitl o.^ v Y WOW^fflCcHfTtt. 7 o -tr v * ft r R t> n 4 



h PjtCfi^T S A. ft«ttSaca^»T!lfrt»4. IEU 
I7tt. COP)M*»*RO«%m«f 4. lEUtt*©* 
Hfct.BWOSfcUfcH^r . *OHfr»«*«M-aT^4a»e*» 

**m:/o-tv'**»£t*i:LT i oo*-< ? *%ft-9 fcc t * 

t*. J * fcUUBcD**** « *-f * A-tt. A P 

1 5*»fcO l *fctttIBO'**A**"f'0 , -f?A'i:*fc9*'5C 
t *« ? 8 * . 

*«#tt. MtH^-* h * ICS ©fiJ«IJM7-C *> 4. TO 

*>. c©«:*li. OBO* -T * A-CrST 4 *1Hcji»*n4. 
ft©* — ? *fc*©38MXf7ll. *M*-f ? A-G** 1 1 If 

DCioheUtt. iHHli+trf»U^^^t^ 

rtr?f*U'<t*t<ttii*eh4. cocfcHAp 



*5$¥4-503582 (8) 
v 7<ot l Bic6t**$ Aetata <>*t*4. en*©* 

f**ic*£K:»f3£fc>tt4cfc*»®li<rte©t»6i:tt*'a 

n I IC p-op /U5207i-7v htwt. CO/tAtt 5 
Jtfv^TftO, «»>I(t«nfc^ATl>4. DEC 
1 2tt»ttTCO/U%BlllT ropitAP. I EU, StU 
NPAftftT*. /UttlSttCMO S X9A A-*M#B4t I / 

HMWlCll. 1003 8 6/38 77? ofttttO E C IC 

j:otHiana^ 9 h^fefr^n* i o© p- 0P ic«»en 

4. 8^©I16ICll. lO<OV?Oftt^JM7» p-opi©!/- 

*>A**>fc*>r. C © p-op ftfTlz-^l/AttrhSv? 
l.to.idT A o . Bfti-xov^ofi^o p-op.©Rfra«»© 
v^oa^o p-qp.o*!7 (tfctt«n»av-^>A) cs 

o **©*£. 1 ->© p-optt. *Tocaa» 
n^^y h tc*©v * odi><D£.*aiji*af7^n<j <b u©4 
©ic*#atin8*ao. cntt, 'k^?vk7 i«i/A!t 

K fcflaC/fcSfe*'*? > K U^A?. ALU 
«*. *^?>K1f-fA. > HUMUS. A^-*A7 

at/ p-op at/ icsaiiL/iXfflatfKXif- 
^a©!*?? * fcn«n*»-;&©mft*£o. np p-op.o-^-r 

* o 7 F U A*»fflT4. 



X (♦ iatfp2) *«fflLT P-op ^A±IC6il8h6. ♦ 

in p-op nic*tft6»iriTfl5Hi»tiiii%iiat*fc*t 
«m*n. ♦ 2 tiBfflat/WJdoPi^* fciinn^-^* <« 
»««©«*»& m«m e * ht^ic) Eatofc«>ic«»«n 

4. *(ftatF»«©«^%d C p-opt«ifO»§ <52tf» 
htyWi'ttCtfi'TttttO ICll. T4fc©C 

Bi ?o y ?*r.<?^©iB«ic«<. «ttti»iir-f?A,o# 
2ice«*n. maim 2 ?a-o * 2 icEasno. 
dec i 2 1± . stx <&9 o * ? * «< ? ju * ic p-pp /t a * n 

ttto. ilWttCflttiE'W p-op T**i», DEC 6*IEff p-op 

tjefttftitiii«MoTv^iv>«», *fciixfTT8fr^*-f? 

jU«P*i. DECUKfcDlCffi p-op %»4. 

94,ft-r*>4?oy?ifY ? A,rtoBjt8^«9*^WA^^> 

tt4a a*«tt*tt*w*©MttricHL*r . ac/staac/EDflo 
«aika«)^7KwAac/r-^*^9>HouiajkcMUT 
kt*«. *n«wn*)Tii*^« ♦ 2«picKa 

s n 4 a» . -»wictt^2«picii aana - v m u s> a * a 

ICT^ 8 ?*>4. 



fla© * s c» iro v ? o 6«ii»-o) p-op Kscmsn 

*. ChttSfO^OllM'^^^oftt*^*. CO0IH* 
ttv-f ^oftllt^LTMtta-v KOI 'JKfiKtllia (« 
All. I EU. A PPIOPO PA\ZBV*nn) ih4»Atf 

W^^-^yAICttS(lW< CU<lfiA^y htZX *9X1±±L 

W«:3?tT*n4 p-op i/-^- >Aic|Ett*n*. s^fois^k: 
11. wAtfaeon^A^wnoa-c <p-op afc 9 1 inna* 
fr«n«) . awnr> * *) ff*£fiR©fc«>K: a PA»I*Tfta 

KftO p-op 99. tfcllA PIC J:4fliOO A^ft£/7 9 ^ 
OKffr%A P KilfflT «0lfllllO«*fcll*HO 

fcoic. p-op A***Kwic^»r**» 

*. ED^. p-op O S'-* > AA'jefrSM. Wtt-x—y hO I 
0)6»7-Y ?0 3-Frt^.aiA,TV?o<a^cr)3 7»5»* /ill± 

stttttti p-opikMicxRr *. «Aii^~^ vAoam 
o p-op ^APat/i e u ic J: o r*aa sn. wicapiiv-t 
? o 3 - Krt'NaA.-c* e^*a»%a«r «». cne>oa*> 
**>»*u»f7S*4a* p-op.cwict a^wicn, 
j/~y>^o p-opiuin»- * h ic -a t an»»c3ti7 # 
n, co*8^k:ii cnii i e UICB6 itx?a 0 xt a*, u 

A»L*7?od4?O*H0)/:*>lC. APll p-op !/-->->A*^ 
J063lCS)4#Haifc&. tt-stCOlld. APtt7-f?U3- 
KR-vil^. *«ICttM p-epifcfSJW-r*. HUTttAPIl* 

p-op %aa«icjifi L»7toi«, rtwrjiciiA pii p-o P 



»n^-v HZ ^6 p-op»<7>*f7fc ttMtCKbT-tf&Dfctt 
KP> 2 oofJtDtfJ'UUfl %r L T 13 < . VIC. p-cpitt 
£T ©Mil*- » MC^**ne»0 P-op A7>f»*»<7WW^© 

op. **r. »a*r. * * hum* ran ua^. 

dicu. p-oph. a psc/ i e u c i -a t. itiiApay 

<. I*fcll2 p-opttt 3-303iBHla^ v -a TB«* 

n*. A P C»*a«£T05 p- ops* A 4 (O -CJ*<6. 

11 D E C fct-KD J: ^ C L . p-opi iCflflaT* J: Q« 

stTv>t(>. ?ticfttte>n/i p-op.%«f7t&. -we. d 
e ctt-r j? o«^oUia6»e»a«)'ia**fflttT*^ ^ ic. p- 
op» Rfricafc^ ra&^s<!zsflt afrr*. 

WMAtt. tt«»UAfi>6 <I0*>ffl*<D p-op»Ol"<JHC* 
t>T) . D E C a&« JfcfrT * * p-op V-tVAC»tt. *fc 

tT*6. ciattttc. p-opi on^QQCMV^fl^^fiS 
-opi««>:$Biac/»3ft4*»NP p-opt<0»*B. fit/ft 

«»*jau: p-op«**s»/*«r * c»T6Stt<o 



ft?i¥4-503582 (9) 

t6ai*'*6l'><5S«iff5t4. »^<0 P-opitt. F86 
v^^or-^^^f-^fiJ p-op «KKttC>< v ? 7 f> > 

tea. cnti. P-opi«i*T*f7sn4inic*o P - 0P 

<0**«fltOl»±%Jj»i: To. cntl. ttcjflinazy h 
o'fPitttBlC Iiatt U * } * TD E Cfi**© p-cp <at/£ 

p-ops) one ta * t » -d -ttwtcttfiiTttfi 
ton*v%. 9 t u-c. p-op ic«L-c»ih%£ 

«<0»±*af7b cnttt«T4 p-op.fc %«frf * 

op» tX4lC*f7l/«lt4C U'Tto. 

»fl»«op (p-op) **DECft>6> P-Op >tA±CI8f7*M* 

k . *nna«jcean^- vK(ap. 1 eu. n p 1 k jc ■» 

6<tt6*ntM4 p-op » p-op *«Jt71- 

* fc D E C 1 2AH7 Jfe a»t4. a2i:^ay?«HT^ 
TD EC 1 2 tt . 7DVhi>Fl00, f 3-y 1 0 2fiy 

I 0 54»6<£6. B3U0EC7o>hi>K 

* . B4ttDEC9'3-^t. B4ttDEC/W9xVK«9 



f . 

DEC7a>hx.>F 1 0 0liAj>/W I* * B 9 ii * . f 
1 FETCH_DATA;U5 0IC2iTtt>S3nT^o3'3 

pc (?o;r*i»*$>*) uyx^ i i2*»e><otm8c«-* 

(-«i:2 4/W h) . B;(Oi<f3-n 0 2 ^ « Id * 

n. f i o 2Ud&«ft%Raut.thtPc»ai i 2 
^^a«r a«»«*8 yw h * 9 «n«£Ktt. i-*-f*jw 
ic s /w h**a«sn. 8/W h A.4 ft-uttaoir -c ^ /u 

flSn7K|/;tl TAG 27'N{ftttt4. 2-)iT«5*»» 
tfO«nVn!)iitJ(0i»t«ST6ft*i*t1 TAG 27 
«&tfyh*ft«f<&. ITAG*7Fl*A*«l41-*fc.*n 

n a w * 7 Hu^P!>;^t^y? uatin 

I I 6(1. a E«« 3 - K ICHT aa^Offlfirt'sOS 
*«tf3f*PADRC«ttIll 20t>e©fl#t«fflt6. 

DECf3-^l 02liv?oft«%f3-KL. £TS>p- 
op'>-$- >a* p-op 5 2 ±K jtfrT*. ra-yti. 0 
«H?;M30nKo-l««hTH6ft</Wh ("7^o 
ft*) l7a>H>N00*»&»«t6. v ? nfc45ii^ 



32ICi^Tf 3-Kgn. p-op BJf 3-)<fl| 
01 1 3 5 11 p-opH 1CH T 6limt7t)>f > HaiZ/W^x'^ 
KMIflt. -7Jft*fir3 - KltBl 3 7(170 >Fx>H 

p c»a i 1 2 taar*- 

f 3-y p-op 7 * ^ «; Mil 1 4 0 it T 3 - Ht*a 1 3 2 
p-op tftffiU. /W?x>K*»e><5H>^^«0STtf 

Hi;aoTtne>%«IT6. p-op. i±. P - 0P /<*S2_hK: 

ffiMSnit p-op ifc?7l3?^f7W 1 4 2 ICO - k * n& . « 

fit*, ji » ^ *> F^^eDMQia^ca-s^TfttTCiwttm 

tftJl) 50 li. 7oyn>|'4»^)afti l /<ot'I(*L<f 

^16 »c»ii fcfflitr * . p-op <DJii7i:»iTr3-^ 

l02l4^t«99T4. ^^tt!«ni^-r>AT«!7S 
n. HE-5T«(Iffl«n44<ffi4©f».«ICIi 1 -?C9 p-op 

^ic«icrt^ 6nt^4. ^^<oHB8tt. ia«^ti%» 

STftA^^tC. *»A«R*M* p-op ©BVCJIUTHfcKX 

§ < ^i?ntfae>*5tv^. *» p-op oa*»<D'>«i< kt>2fa 

0611. p-op»6*C P U <D«HC 

»BT4^)tia»lttW4. (8Mrt4K)fll ( p-op . TKU 

a. ac;f-^»Ji%iiait4CPuo^^iiij^ + -AicM 



tt3*3l»U. *LT»tD*tm*Ht!!T<2> J: ^ IC p-cp.o&R 
fr*aWC«»f T*-*t* p-op %»f7T6 
fc. *ntt«<D p-op CHTAfllllkAC^v^i^l'Ka? 

n*. cnta±ao^ a ^*affT*fc *ic^»nciE uplift 

;< 9 ?x:/Kt2. *T<D*S p- op«* ifl » t H i> ii 0f* 3 
1 60k. *S» p-opiKCSI C P UcDiEL < fi-paiJT- ft 4 

bt* KB* <?n6i * <dmk taa) t*At»at4 x ^ k 
r a -^ic p-op«©iefr*M»f &sw*rtrta 

1 6 5 fc 1 6 0 fct, lt£4>*ffi p-op <9 * ? 

ai70k, »ar6#-f>^»*7U'<i77at/e6'jA 
nru-r i 7 8%«iifT*ui>A^nwoaTf*ai 75k. 
^^r-^/us 3*»op-r* 1 7 9*iid 

ti. 

»"p-op <d a r-* x**if*T* ii k 6 nt>*. e^F 

ITillO p-op.OfcfrKKW****. L*>LttI&T&*7 

t oTinai * n>6 *wa«a»i«n* fc. ^^xyK 

l*m#S> p-op <D*a*m*7*l»fc*t^ atf)*£&5*MteT 

cnu. cpus>tta* p-op tta<oft*j^f7tta*TBi 



«^¥4-503582 (10) 

p-op. tMT4«Ef*«*l2aT6t^A**aO. CAfc© 

^0-7%f7snfc8oo(ij-uyA^ji6fcuraia5nT 

V**. X fc(,7 p-op«^*»TAo: k A»T 8 . 

&iifc*«T8*. itniiiii 6 ot±ooai»a**T* sof-? 
<o««u»^^i9o. »7u»;xn92. at/ P - 0P mm 
i 93%^o. n*.wotiai 7oi*Mana**T 

4 8orocDlC«iHIRUi>A^ 19 5. » » 0 <tt»a H> A * 
19 7, &C/* 7121111)11 ^PA* 1 9 8*3U. 

p-o P Ai*ar Ann* » h an**-©** a ^ » >• traur 
6. o»7i/y^^i 92tt. ana- ? k s/t o 1 005*7 

f v KrCttT*. COt » H4«llaa» I* *>p-op*W7 T 
*A>. tftlliftji* h**P-oplCHtrttfTi%fic-ri^»*! 

» p-op i»«uj>a* 1 93i±«i5w»te,n/i p-op ten* 
r 4 8 * y v *e«t 4. cneti. «n^- * h a«»f*-r * 
p-op<d^ romxm t » >■ . p-op ©a <WA.tr &i»'h£tA. 
a*) . #*^aimw. at/n^wjntrv h**tf. 

-0- tt p-op fi'HWO^Tll a < « o TJHttTliSiax 8 «5c 
l^C fc%«L. -77 "I* lifTSttOWey HC " 0 " tut 

*»»<oi5^ >-opitnt.«)4ct:({<*« p-op *n*>w* 



c fc HT ft fc *»T. 

ttstv KDinanJi acr>*» p-op *»HBift<t e» u*> 

•6. p-op 0>ffi«rt * fCDSHTttt* * hfr&ttL. tl)HUt> 

^naitttv^ttttto, aaitryhaa p-op ««u 
•;^^i9 3«©tvni. atisto J: *> fcs»*#it*tta 

1 9711, m*<» P-op 03^«»HtM7»C«T4ir.»tC«UT 

n*^ •aw«cttf**iiffiT*. o»7C<i^An9 8ti 

Ha p-op Kft»t4»llAft»i'A»6<!)IHII70ftlltd 
t/l¥«ftH7ffllS*«»f*. 

n^w»)^fisEUfc»6%i»<ftk*fl!>it*. a«i^yhn 

p-op.cr> X T - * AICGQ«ll*i>. cnK**T*£<c«* 
tlMCC 2STJ!»0. MCCtt + t»!/*l«}^OM'iJlt/ 
1 /O»8ii*ai/^A?AC[>»A'N<0tB73C0W^4/Stt(!)n 

ft8fytttS&lCtlAP&{/I EU4j p-op»4r3l!7 
T * C k *«C±T ft * C k tW*^** 1 **. Ch^OR*tt 

3±c*^o^^ir-< ^/u«ica««icfliHi *»tr"f 6^ * ? 



ft* A'. ^ 7 K5>f 0TA6«CU. ^K4,.0>ll 
p-op O^^TftftOO^/tat. t»K5> 

a« i Tft*»»iciin^«o**»flt8n. tf» h<4..o>ti 
p-opoj^^iftkicH^rn^Wic k*«3jif*. c nun 
UTmi) kBfiin*. n+> w o ir-c ^ ^ 

i> K 1 06(1. f3-m© P-op ©iefr*»St>K U. 2 
-?OBOS p-opiO l Rff S if 9 

? ? ~ i *mr * p-op o«fl$o$R p-op Tft&c k* 

tl ^ U t 4 H A IC tt . Cntt*T©fiV% p-op* I ED*,, 4 

tr » k ay 2 <oi*tkmw\zm-i^x * if < i*wt* p-op«) a 
ft»5ft»TH<c<. 5iar-6*i«Dfcji«rc:ki:««-r*. 

p-opiu««cftr<o8i>ffcf7» p-op. («^. ^sitw 
r* p-op.) tt*»Tft*. «5»cnti. *fr»TBtttcn^ 
wen* p-op.*r»nr*. 

*»-cft<6 k xtt-r p-op ii. *nti*«n%tt^iiT* 
«:i:4:i«t, *»fccnu p-op.%9ias^*H%»aT 

4IC9/iotM^x>Kl O B^aWTAjHWKaTft*. 
4T<0iO*-» K ICJ:-3T p-op.O JQa*»*7 T * k . ( -t 

ne©w7ic»^^T) -Bj«'jr«9ii*>ic*-nfc*siaaFtfft 

<D*»-«Tft*. U*»L p-op.t3RaiC5ia2tf *C k*«T« 

*j:^it<iofci»ictiM*«>»iw*»ft*. *<o»ia©s^*jy 

«S<0*» p-op *?ia«U4K». ^XT-^/t^dC 
C k JC J: o T«iitr *. oay*? O v ? * ^ 
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a*^%na««6c k$ i Tft4. jftoo^^-it^oo 

* ^ a I ♦ n < (S U . I £ n S 7 ) '\i>*r/^S*rTl?o v 

4. p-0P»O'ff ffL4«htf . *^A*-*A/tAS± 

*S*-I**T4 P-op (p-op (11) UTOn^ttOB. * 
I tWT4iTO P-op ( 4 * y l-flf 2fl)»IB 

an»c»^^x) cpu<9«»* p-op u-n t 

P-op (il fc OMICfto/iHOttBttO-^A y 9 * * 4^ e 
Tfc*. tntlftC) p-op * ^*»ffT4 C k *£ti. ttlT 

PUtCh«,o p-op»A<Jl»m:»tT*ri<c^«IBk:W5c-r^ 
ft T J>4 . 

* * = i iT©n%«J9ttaW*4«tf6Ck*»TI. p-op 

m 6«»*or>*»p-opK:te* * -caa *ti*»ttcti.>. 

\Z K$ S 4 C fc**Tft 6. l/*»UftTO, n%«9^jr 
Rt/±T<9*» p-op.o? ^tt. *Btt**KM-r*£TC!>* jjr 

ttca**/- jcaur ft oioTfc4:ktaii«n«. («& 

W 0 * * £ T Vl tt . n*»«0^^t47»Bcr> t HO *> » 0 g ) 

p-op©^ o i o^t < fctjnw * 6<tv>. ) 

coaifcayttffloa- 9tt, («ist> rr*w 

9*<»»i3*ifc*-r?/n*MC3tiiii^y htct^Tafran 



IS $¥4-503582 (11) 

n» p-op»o»fT *fa»r <5>*»ii»n<ut^d» c©cfc«««fc 

a<ofc<oo>) t«Bfiflanft rt(oocD£jSj 7?oo*t;Hu 

ICU. tO^O^OHD * T K IE W ICR S <f « 

M tf *1 h n V* . 

-tfeoic. n*«9*-<?/nctt<*-r?;nctt. jpj<ont> 

W0^-fJ?MrJiSa*6Cfe^t«*d», p-opfcfcffl* 
93»<<a»tt©**V*;u*mt*T) T ft 4 a» . 1 tt * *t ffi 
p-op*«f=x (ra-^t±*CiXcr> p-op *«FrT4»«a<M 

xv><tv>A»«>) -cecown^iitto. fcan^wo**?^ 

C « < IK © * Y * * # »J© H * W 9 * * * * T tt l> <> © k T 

nt*. a^4>*» * \tTfi r 4 p-o P *^tt. -ton *> w 9* y 
. c <D«t*<&iiatt. n*»w oa»c*ro»fr <*^> p -op« 

j&Miau. tlT«5M4T<0Sl-»j|c8l p-op»a««*ff « U <c H 
W IC * £ T 4 . 

UT<Ott¥Jtt p-op *:Tfc. *n£0<ffT*>4*><Dt5B k . 
DEC 1 2 * if <9«fc ^K*t7-r**»K:l»f *. £T 

<D* ^tt fcfr 3 noiTfl) p-opi<0-»kUTDEC*»6Rlf 
6» n 4 . » p-op S 9 tt , » p-opK KUA&tfr- 



o*t<d*» p-op8*>»a n*> *>03 1 r ntr . 4>£<ki>3 

£y Y <Z> 9 ?*'&mv *>4. cntt. ffl«*tllCHLT p-op 
9 ^*itHT4<0*B«<tT4 «k ^ ICloOJttttr h 

^i:LT^^*«09Tcfc. 4 tf y h<02 (Dtotan tt 

tt«r&fc*)ICttft*cr)l«.*IC3IITttt:y h«^6't^*T* 

o p-op.tt • » ic»<7« ^^o»»ic8i0ST^n«. 
■5 t f§ « * m ic u r 4 ±iatt« tt us \z fen r * . 

n-6. 9 If - i tTBoTn^WO^Ril, CPUtt«A'p- 
op»U)<i3IBlto-/i;w?t4t. *^»0«iT*>*;? = 

««6/i^C. DE CttC©HA*»6^jy - 1 tbto«iUV> 

p-op. «r*t7Lfctt*i«fr fcfcc>. a*w»c» n*»we»nfcp- 
opi (D^^«»*tUM p-op«icif »It « no. cnu. nxtf. 

on *W 0 «i7A«J8au/i^<D J: V/MtitoCUftt 
T 4. 

A9-««icii, n*»W9ir-<^JHic/ p-op ^^RfxicH 



lip-op.(3-7lD*5ft»*T«»ntf P-op (51 t tn *» W 0 • ITS' 5 
-B«Sr»t7U. p-op(6I tTn^W9. p-op(4| *rn*>«9. 
4-S%«frb. P -op(3) trn^WO. J:0*<O p-opa 

«r«f7T*#r *>4. cpuoit{f(:DECQaiin*ni4 

4>»n«r^*>. £U Att±C^ ^RIr*»QI<l%. p-opa O 

wwu/i^^tc. »n*>« o T»«i83.- y httiaa»cffi i: <c 

9. JE*T»fPtt»ICH 9 . n«i« 9 *sn*^ t T* 6. 
»«tti-y HCJ:?T p-op«J6«»H « t\ 4 k . tOazy 

► <9»7><**/>LTi*7a'DECi;:a»*n. -toaittjx 

-yhCi:4 p-op «0JET3&MiiSS n4. c n e It yt v 9 i y 

fici^Tuaan, ia»«nr p-opsaMiia r 4i» .***tiOi 
sn4. /<»^*>k«<ao p-op <9?ia%fl«iia« ^ 4*» 

»CttW»Jartfi5WIIfittft4*«. p-op 4'3liflT4 

WA*2DeT4 2 -3<Oft!76 , ffl3ET4. W ^ lEWM J* K J3 ^ 4 

<9a«<rn^«9^Ji5«*«fiir 4 c fcT«> 

4. 

JftfcS P-op tt. $TOHt|A«9 p-op <D 

1-MWICttiEHr^) H7*a»T4 *TU5iaf 4CkttT 
ftfcH. DEC<Df 3 - ft*** p-op % Jfcft T 4 k . * <D 
p-opOttMCRQ-f 4 1f|« l*yt v y HiC fS ftn 4. C till . * 
<9p-op1:tt«T4T«>4 9. tl o T » 7 T 4 C k KM » S t\ 4 
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5*7Ufc«. ffcOtll*J%*^k l/T. /< * 7* > Htt^tS<tH 
9a*P*»C p-cp tSliaStt^CfctCfc*. 
* — ©. *UT«t> P-cp > ? o *<SCOi»d. t> 

<m*>*o£ p-op ) on^«J9%n9ttbntthtf<:e<t 

tN. cntt, *n e>«o£Ba*JS7 (IE*CtH7"C) tittti 
^y^*>H^trco p-op«t>9i«3 uav^c fc * 
ne>^j52«)jiicx7 fc . *ne>tt£-cflwic*]iiT4cfc 

7 p-op»5* W<D II *« nattier IT^* p-op ©HdlCtt. 
ttBStlfcl/*. WAtf. 7 p-op f-yvXT»4 

fcrt\tt\ 7»B<o p-op fcftfrUfcti. *nu±© p-o P .% 
Hfir *V1<D 7 p-opiCO£»<D*S**7*»«l,'Jto»e»D E c 
HHttttKWitT*. »«««7 p-opiJ:9«h p-op S/-*> 
ACD»£ICtt. 5iV)<£ fc^ttfcW) ««f 6±T»*&77' 

o - w k: t *> * . 

S =F <0 *• K t± . cnttfctca»< fc'%lCJ:&«^<&>*«;» 

» ii * * mmui n k r *> * 4 « * fc* % /? u t »a t » 

4. 8?4>*S*tCtt. p-op !/-t>A(DOAICi *fctt*n 

wi<o«»j p-op.%««ut. z.<D*n*nt>ttvti\iis-ir 
>Artcoaco p-op«co i -d *T»aisncrt>w*n**i*asT 
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-op */-^>AC9«CO p-op {») IC Jt o Tfrfeft6tftX% 
fcT*9. C#\6<9*«>cr> p-opo© i o« « 6*6 «n 

a4jn*«J9*XaT*cn£©77o-f-%BHx4fc, * 
*><0 p-op«fctt**n66<£Tfltt*»CR7T4 

i kthtfjt^. nisrnti. cne>cof-* >ATtts/-»- 

>^<Dtt^^ P-optQftOfcW* CC9 J: } IC IT D E C (K>% 

ic jt oT»arntf i < , tfcH*© p-opott 

♦ 0* 0 <C«l^6nCtt>C fc %tt»LTt^. DECROTtt 

c coa* ic eo t <5>f»tttt. ft p-op *«*ff *n*»arr a -y 
«>^^n^Ai«n6. «wr»r7o>h P -o P » fc x 
p-op fc A<iTcgHnRflttie> 

A*©lCje»-C*« 0 ^t>< OHdiCtt. **>C0 p-opit 8 
fitt, 4jL»8I p-o P .a*««|»co;< v 7 7 •? h K**;'xtJ»%a 

ntf) sutto. 

P-ppsorj^liaCMT &m*©-«*)«e**tt, fcfcA.**>v 
^oft^OJi&^->>A<D*T<0 p-op»jpiJt 7 L fc fc UT 
i>. t,U#«t>© p-op *»S«C3E7 UTt*<£t*ntfX7»<Di3 

p-op«tt?iar * c fc ttr t «ct> t c k r «a . c 
nu*xni:. p-opidta • tc*i* u nn<r e» *± n c fc % 
jL4JW<D7j«r u©»L»arv^ p-op «*3t7b. ?iiar»* 

JtlCfeftfc. *© p-op at/cn6©iSO<D p-opi<on8tti 



THUlC^ljflToC fc K * * . 

S 7 tt * ^fcfT»C/W70D f-* > A*7*T. V - ^ > * 

B4Q (A) . (B) St/B7C) (A) . <B)I± + 

o»m 7 ocou y x ^rticia*sn««ii%mT. *-<o p 

-op fcfcli p-op«co»Wtn*»«0»C*T*^Ofc UX»S« 
h6. fT^WOWU. «n«>«:JE7 S it * fc O K * T 3S 7 U <t 

i7ntf«c6<t^i ±fc«*nm±co P -optA»e»nc *. »Hrn 
a. t u n*»w o bi*jo!) p-opi<d i -^%n*>w*^** , «>nti 

»lfBJ»«?>C p-op.(3.4.5| 4«ftRan. p-op«U.5lttfT% 

wo» (ag) tcfls-r*. ta6 (a) ttfT%V)»>iimn>;** 
fc. p-op* w « y y ##ic««;-r 4 tftKicEti « n. P -op« 

&J C5fca>05ttJB U y A. ^ **-t v hSn, tft^O) P-op« 

LTinato. p-op.u.si <ofco©n*> 
woe* h«n. n^wow p-opii>tcK-r* p-op. 

(4.S) tJ«,4n6»0BoH-Oitt*oi:tlrll^r 

*2fBH<!MC p-op(6)*«ftff» n. p-op(3)OIE»»7^a 
JDSn*. [3 6 (B) ^69)S<CJC^IC. p-op(6)<Ofc«>CO 

ant v h*«<*»uy^^ i 90 (6) flic** ^sn. 

p-op (S) CDfc *><0 A P»»7t? h ***I7 l/^A^ 192 ( 3 ) 
rtlw*vf«n. *LTlESrAPt*7a*k»7t2ttUS>A* 



1 98 (3) f^CfBiitnt. 

»3f35W^(C p-op.U.8.9) tJRRSn, p-op«(T. 1)11 
n*»WDPICJIT4. C cofWlW^IC I E Utt p-op(3»*«IEWIC 
H7 UfcC fc *lt*U. APtt p-op(4)**jEW»CH7 UfcC fc 
*t»i5tL. tlT p-op|6)*«iEWC**7 Lfc C fc%li^T4. 
B37 (A) tt p-op«<7 % ».9) cofcaocottffl t v h d««5IH>A 
M90 t7) .190 (0) St/190 (I) PllCtrhS 
n. I EU»7t» h««»7l/yx^ 1 92 (3) I 90 

(6) ?iCt 7 Mh, AP»7tvh^»7l'yAM92 

(4) «IC*y»-Sri«Cfc%^UT^4. »ID-r«iEWt!|7 
O'HTKtluyAn 9B (3) . 198 (6) SWl 98 

(4) f^^*»ii*n4. p-opn|A*?lii^ttT«> 0 . ttflBU 
5?A^1 90 (3) nojOCy M'BOfflsnt^oCtC 

i$a«nfcv>. 

»4ia«m>^tt. *w fc uT!*3*i*a*ttT*>& p 

-Dpi^ffSUT^cfcftC, ttttJW* p-op«tt*fr« #l«c^. 
CCOWW^IC. APtt p-op«IS,6,7| **iE7«IC»7 t fcC fc % 
fl^.L. 1EUI1 p-opo(4.5.9) A*iE1KK:*7 UfcC fc 
t6. L,*>UcX^TAPtt p-op»(7| (WAtf^-J> 

w») «7Ufccfc%»wU. eu« p-o P > 

(7) 6*iEW»C»7TC t %»SiTo. CCOtt*. p-op«U.S.6) 

a'5ia*Jtifc * o . *n6tt***» P -opofc uTft^sn<r 

<^4. l*>l, p-op« leU*H7***7L-C^<&fc«>C. P-op« 

(8) <on^« 9 » S>-AT** p-op.H) fc. p-opiifl) ©tt 

icftffanfc p-op«i9) t>n*»«e> wtxtitt 6«tt>. ce-st 
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fT€»V)Ot»ai 7 0 tt 7 O A T • * * * ? ttU A ± l£ * 5 

n j.- v v ico«*AP&t/!EU) %Ha*»*ntf<t 
JMffiQ pftfrMfl 

/<^XVFI1»» p-op.k aaitta.- 9 P-cp**7* 
. /<v^i> K(»J©S}»*ffJHll 65 p-op*<3 
AT-^XtttfflUTftJDWCr p-op.Ofcfi *M»T & . 

DEC. APa^NP) rtOHBO»S07o ? ?OBfft1r 

«ur«/:*>fc. yt, p-optoa* 

iSS««(t tttltf tt h tt V*$»5*»*M»a * 4. 

a - y^a 0 tfc ra>p-op*aLEUSJ£fflH * Ta-filc 

P - 0 pa c/a»an/i» «*<**«affl a n4a»5«»teS-3*^T3i 

• Op-opfD- K/*t7««*«£T 4. *fflt#**tt 1 */! 

4«w**«***R!fcT4. 
*B©M*j<Di*-6ictt. »a -r «sao»$<o*»p-opj6«it^ 
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ftOitftlCtt. 8»ft#a. »ICtTC5*a (B%?iaLTl> 
tttM p-op« < (0TI14 < . *atTlt*C»T IT fc^Cc 

t« p-op«K:»-3 < . *4 p-op $»5t*C»*T T4 fc . ft t KM 

<0 » tt ^ - v h <3 ^ - F * a 7 MM IC ttO € ^ CO W ft tl tt JI160 

-5-rtt*4a*. a«*fro3»ttf4cMr?d»#aEr *. 
<c»w*frtiw p-op <ojtf7»c«tTa«an4o»t ) wn'U^ 
t. aman«rn*»*,$Dn<tt*ttw*a»T4. p-op «Bti 

^^»9f3-^U«IC*tt p-op *ftfrT4. 

1) /< y ? jl > H*»e>©l7*>«9fll5£. 

2) ;t^x>K«»6fl!)ISI». 

3) BPC*»&05Sft. 

4) VI B (<5ffi**/< v 7 r > 
S ) ttn<D*<Z>r 3 - t* . 

6) 2trw^^ p-op cd* 2 *#<oa 0 . 

5) a c/6) nr3-^6'i)«to<»cDT*!>. 4) a 

t/6) tt-7 ^ d AD i/-* 1 p-opilC©*a«T8* 



* B P C 6 <D « ft " tt. r^-yd'iXOV^Oft**^^ 

-KujtniTBPcni:**v!'*Tt« r w t» <*> is a j 

LfcHHC *£T 4. CO J: Ott61»lCJ1UTf3-/li. *4 
<«*:/MJ©B«a> O^F-aittH^ B PC7?t^ 

t^tifttOf 3-K«Pi:«iT6. 4>UCS>BPC7?-fc* 

* ju*t a - ^*««ffl*jnT<n-t*tt\ Bpcsti^iia 
an*. \i u^wttw km u r b p c t ? -t*#«ffl t 

*. iAi'JJithtf. fckABPCBSa7^A«<«lT 
l<i<T<)f a-^ttifTTiCk^Tti. Ht»M J » 
$t, B PCOH»fl^©7?-tA^ffffliI»IT<fWnilBP 

c«f*a»£raan4. *<5-c*u*ii*Kttr3-*'ii-*aii»H 

T) *»« LTV*«cVMl£lc *£f 4. f*ati»owsi>mBUw 
htiULtfa-^tt. ->fc < fc t>HStt3l*3- F b 
T 4 *». tfciiv i B««*«jii»sn<ti)ntf<te«i^. c <o 

j» * 3 - H /< -f hOfif a-KlCJI'i^rtLiod r/i /W 
H>« T * M tt . CM^afjiSM4«»*/lttV I BfflW^H 

at n« a na a nix* *»at>. hic. nod r/m hofir 

3-FIC»-5MTfcL«-i-b /W h *fltt\ s-i-b /< 



•< h icfl u t i» n u c £ *«aw a ri4. c ft €>o /w n>*wsa> 

T*>4fcT*ltt\ Bi*a<*/W h (*«tCtt*n*dO V 1 B 

mtov*\it\a <fctt -a- ) v i B»ti>j6*aE 

jaan4. 

'Sno^iof 3- K" tt. fa-^*ij);fl)7?Daiitf 

€>T. WHtt«C2oOfia*«f r 3-H*nT^4l|fti: 
R9-T4. IBBRI/H2S/W K5*6tt. »2/W h^a 
T<t < U 4 * T * V I B*»e>G>«K" t Ltffl 0 IB ton 4 A». 

*fctti»BUW h a« j* *anv ib a* nab* -«n©*<D 
r 3 - k * tuna90t>n4. 

•p2*i)-.<Da9* n. rv-ft'i-rjffKD p-op <o 

»M«ta p-op *«*ii)D«^ p-op «wt^icae>n. rop-op 
or 3- Kau r 3E/at±aiian4. 

-A v ^ * v H*»e»cr><8»" tt. J!!7«h4 p-op WB©ft 
Oli. -/<v^^.*-/KOfll^iC»^v>r. f p-op %B 
*»lC«tT-r4C!>tt TttCti-^Cfc%51#IT4t«^T 

4. KiTi:/tv?*>Pi:Jt-jTaiiian*$to*a p-o P 

1 ) 7 p-opi. 

2 ) 2 oOMQBOtia p-opj. 

3> i-ro^f ^ev^t-cpionon^wow. 

4) t3'>VM'y^^«n9at%ff0 2-7© p-op«. 
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s ) d e c n±iko o a>*tz * * i p-cp«. 
7oo#It*8l p-opioa*:OttiTO!iaLTtMit> P -o 

fl*2-7O*9ttl(0Ea p-opst*. Cn^TO p-opaC 
afflsn*^. J: 9IEaiC(lC<Oft8tttl9EaiCI2ll0<Oti&'7 

? o a* t: *#t c,o p*op !/-^vao*i p-op»cam»n 
4. comwo«6, u»coea p-op.t±. tnet'ssatii 

9&ofc*ICH7 LTt>fcMnBtft*«ft i<rT. CO p-op «• 
aE*CK7Ufc*«iS«IC?iaUT^frV>«£W. a-P^7 

T » fcfc A.2o<9l*at*0i p-opiA»*WTttft< 

<Ot»ftCtX. COHWCMrftV^O Miff5l<t^. IE 
UtttlBoea p-op* ( I EUfc^C p-op.) *M»£t*73 

;<y^OBD«>6) . -UK 1 fT%« 9»<0 p-ops*«ftf7* 

n. *±c*7sn. «<ror>i»^ftfTS n*nc9ia-r *. 

eOttC* f-^t^>>Ul>A^ (B0%DS. ES. FS. 
GS) ©fc*©t^>^hUP^^HH0§ttd0 2oO* 
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co. tfcttcsayssoB^tL<tt«n*>-HiciHti8n 
4 p-c P »icti. wOM»ain«h(t^. *©arm. P - CP . 
*ettr 4«na»co. at/±r<D«: > ► u j>a * icn s n 

4*7*63 9 "711tt*«tt*r4 C t Tfc4. A P If itVttt'C s 
/SSIEtt P-opilC«i:afl!«hTV^OT. csawssA 

DECHik p-op ^JlfiShotf 3-^ttItto p-op.t 

f3-^©7?OdUf3-Kai; p-op > 
^'jyatAICKlToEF I •*sO«*eotf-» h T «> 4 . 
f3-^*>tt»T*l ifctt^hUlO EPUc«evHC 
KC % t> & 6 T P-op tt. DEC»it P-op fcUTn9ffll3<f 

ttncx<re>tt^. :ni:i-3T:n6oe»>oDEC3e- 

P-opOjftff t %MitT4. 

n*W9»»*»e±Tcor 3-*«»*{*wu ra-^ 
8%»^*tf. t^tfif3 - k %a«f4coican<ct>j: 



^>ic) r3-^oixc9Bftttis%»STiini:t*oc«ftKf 
*3»cft3E*ft*. f 3-^*»4j«t4 p-op txaaan. a P 

-op CioTI»3n4A>6. fT*«J 9«»tt«H* T£l«3 

f a -^tt^flsr^ ft *r ut> p-op i/-t>xc';ti8n. 
^^h^<t*n*. (a : * * > mo* ? y A-jsjfeic** u 

_t J* <0 Z 3 K . ll + e (DECrtBR) ol=. 9 HC J: ^TilB 

snaiEmdf***©*^. f r 3-^uft«n*»6<D3i»<D« 

*>9kUT»a^7 m»ii*fpffl%ia»). cne»o«*ix 
^sa^o p-op coju*»-rtt»a«* * «d*3« n (nans 
n) t3*»co«i»o**«!£T4. cne»coa^«. f3-^ 
6<SfiST * ttmtrj'xamm* t a tx (aatusn) x» 
6f3-^a»it%ifciT6. cntx p-op ffefrfit/r 3 - 

> > %tU8it 4 « ^ Ttt<I < . ioaivh 
M< p-opafcfflll-f 4*IC. * t\ h 14 7* O ? ? V 

•> k t 4it7}*a«b cr \mxzuc*ti\,s. cneix. 4xo« 
iiiTtxiittttinntts. afflu^A^. ^W/i«aAn> 
a*, ai/»k-ot^>>n/yA^. pc. ay^t-n 



loHjft%WIIT4:klCJ:oTfiI!Sflo. CO^DtAt 
» lh fc £ tt it * . 

co) mwwii. ssa P -o P o<ft«oxa P -o P k(t4tttE 

coafr'feaas COD J: ^ »C^4 t 8<<0 (*<>e0) p-op© 

ttd>tz*<o p-op p«n^ejen4^ttttii<t < *ic. * 

on%«9ttft6TTft*7CO P-op *8&Bt:T4*A.» 

inffiu. *»Hic«aa<o»'Cft *. a^t. «+tisE*a 
fft*co»cff*i:^x6n&. ( t» taacsBe/Rscaittx 

-y h*«-t<0 p-op <0/<y » Kcoaffi%«tBT*ntf»E 
tn0«TCtc<Tl*J:3i:. flao'^ar * o T t> *<o J: ^ 
u <i w n tx ** 6 * . ) 

fcU** p-op %APti0A.T»O*naiy H:J:-?Tt 

7*a»Tft Jt^KlPJff Sh, »ftii*n*. 0b2r?co«« 

*tn68»<03tf-t«Il. *<0 p-op liflaiv ht*n 
lC2E*»7*a>S)T4-fc ^C^4^. 

tt»<oa6Ctt, *4 p-op IC£ •3tIMi/l4HS ! )ttBtC 

ttffr^anx-yh/s^^ifikccftiitn*. *<o p-op 

*flBT 4(fiC9±TC0ail3.- v h tt iEW IC V » T 4 . 
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Etf Tfc3:T<2>. < * < OC P UttIEWtta*«tt U. 

*a*aan*. 

p-o P< ttAPCWi:J:6lllk1:»«t6. C * 6 © 9- < 1* A P 
/SttO p-op»TJ!>9. -^»*«AP/1 EU p-opsT**. 
N P IC J: & l» ifc (AP/NP p-op«±<92B6) \t . 

t*&. cntt. *>* p-op $« E F J a s U i>* * <&7?P) 7 ? ? 
%SEET *l*KH*T *. APSC/I EUtt*tca«3e-* 

n»UTt>*«>^. APawi e u ttafisjTti****. ^21 

If lb * it fx T 4 . 

fZtKUBO P-op *»Il«PIC**»tl v h**»it IT 

4n^«i>i*»jt"r*ctt«ffuctu\. wic a p** tut© is 
dKiti. »itmc*<& p-op a>»a<o — atiifrT * c t j6»t 
a*, a p iz&n* z tu. mn*ui>A**wr«&jaic* 

»ih-r* C t CWTto. »ita*3fc7T4 k A PtlSX% 
D EC (jWlfctiltrTiu t tl T 9 6 )&' . CMfctttJiDanai 
EChjt p-op <9 Jefr^ttt^T . DECtlST© p-opa<07«fc 

y7'/ay«fr*a«att4. coasuc. a p rw» 
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e» Ulrj *DEC6«Sttto*tR4LT^4. DECR 

ICMLTH. ak»cDA P *7M*C5B**§1 Sftfct^. 

DEC»±0)l|^Ctt. 0 EC*«A Pa»fc«»9fc* » ► Kff« 
8flT6«!!OII6 fc B« IC. «T<D!*B)«»e 9 FOD EC 3 

t-^«iieno. cnutA Pic^*cn€»n»tf » h05*n 

6#S>3 tr-S>*Kfc#Kft£-f 6. D e cc * oT«»«n 
T^*3 DE CAi|JiILTl>o7A; 3 tf-fc Lttt 

X.*ft*bi*s. *<0Kft9ICAPlCJ:->TDECni:lHtsn 

a p c neo e » kov a 9 □ %«M-eiatf n *r . * 

T«*^a»e. cn*»HHk ct* c t tt«i^. cnttAPRih 
tn*L. « r> t d e c a>nm tr » h a * - Gum* a a 

P-op**»S<3*» fc<io tTAPC / ■» t j»*wcaii« * e> 
n*. 

im<0 J: A*^i^Ktt*«tl© p-opo<0*t7%fi» 

tOHlaivUCJtoTiEfllTUfctt. »««K7) *M& 
L. RHv p-opi^r D - ^JC J: r>T Jfcfr Sn6l«jAi:lii% 

&«r. p-op»6**7l. 1 * /stt*nia±<o«m»*7%*« 



K v ? 3-s Y [±m**o> p-op OlIHTtdOWTtSflt 
*fc. -fiaiC±TO^W*n**t7*S«UTU* 5 *T. * 
n^^JRIff*. L»W»7b<ffaETntf . *<B p-op 1151 

!C5*MttT*. t>b»Bl<0««H7^ffttrntf. 

> Kii»nr»7u:«r 4iD**ffl5fes v. awT*. «m*»7 
n/n 9 v x e> 7 j&*j6>~e>£T*tt»<o 

»OWtt*fcfc£TJlW**7Qadf;i**C<0J:3 1Cl,T»a 

totottntf. wauno -cat* ita* ****** < *«» 
k-^bx P -op8***tt*>SJ!» t ic csff r cnn. su p-op 

)!Tl*7 p-op <0^^"T?#!>4>d^l8tt^tl>) %WT-fi.fT^W9 ? -f 
9 *<*#3*l^3£ p-op 9 A,«PIC. Ay^i 

vKiif 3-;««f 3-cat/ p-op a«jefTLfc«w*KM7T 



H4nic7t>^Aac/»frtoa«)<t p-o P '✓-^-vaic^ 

? hA-^tsn*. Ml* T *Wn<0SlK(8ff U T. *W**7Ufc 

p-opttn€.«J 9rtic*« <rr o *fcttiEm<DJL^fc?i 

il «VT J: b^. 

£IC11, p-op «<SiCH7t 6 kKJ«A«W!tta h*. ffl*»fc 
«8ll*W»7«H^ICtl, *<9H7d<^ 9 KIC -t^»T» 

m snfca«»c(s«*ifcSE-f «. cn €><o»7 iEmi»7 1 11 
no«7i'f*snoct. aaatt^- » > osinttt 

7<5llJiiI*«n6C fc**6*<DHI7Ta'ir^. 

c n h o> it d © « -r * its it nn nnoNtt % ^ o ±as<9 15 
st0ou. ft*awnc p-op > aic^< 9 h A,^tr* « 

tdO. ftfthtf. p-op V-^- V*F*i<D»*>t& p-op»tt9 

*. at fcj>o:b>mir*»7<9tid. ic»*«a»r d - 

D ECCnaWK:ffi<9»W*M{*att4JP»OHtf 

4 n fln*»-^ * t, /i r . 

1 EUH7/U 

KS(i, S^v h I EU»7/tAB2 07t-7v htiS 
p-opi <9iES**7 t 2o^)HOHf»7 ( « rt t/ » ^ « 

7J > 1 1 a *o r -£> . ♦ 2icyuu3 t , h p-op 
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KT v H* 7 I d fc * « IS T * . 

DECCf p-op 7t>7'j;H^ 

Ill EU**73-H&aG|» p-op ^i«»2. 
-♦llC(B}*,l?*-X*<)l#»11Ta^n*t. DEC 
fctIEl,u*«<3 p-op (IELt^«©v 5> o©«t»6»0. *fctlii 

«j*wn»a p-op >s-*r > At>»€»©) 6>a«T*n^woif 

-MtC. I EUlt p-opiVO^BT (DECi:i4Rff<Oa 
• ICttUT) HTToCt^TS. *fc*©J:0ICH7T*? 
*>>0. P-opi*fia/3K7t&a»KMt6B9 CfcHTP) 
tB©2-J(D p-op./BJOffltttlFHt* I EUlCi^tMftKf 
VitWS t x c, x fcS^f a> p-op OWSoil^^ffttt-i. 

Tlifcl^. I EUd<ftftttfi (ifi) W»<OGiS p-op./;*}** 
4 HO 00 <D Is a p-op.14. ffl*HWOlC^7T6Ci:*M EUIC 
^Tl^t^o. DECOUA«>6tntl. :h%«J p-op. 

I EUi 1 p-op«%»at*»ca/SoT. *h*.t«tt»7T 

B u 8GiStI*L^^li6. -tO p-op tllE b^**7 *KJ^> 
fc*lc*7-f4Cfc*«-Cft*. 2) HfrttiC p-o P .jo<c©J: } 
^Ha*:R*T*«ldtCH*0 p-op tt. l«a K R3- T 

Tft*. fl*i<Diid<>*7ti C*l64>l9ACDttlCft£T6C k 
A'Tft*. ftStntf. I) CDH^Ktt. 4, UH7* l «*#»c 
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H«T*ntf A L Uttf**lC. tftfcUH76MLUOfl!Ktfi 
fftt Hfitf A L Ut*f*a«*7 Lfcnac. p-ap *M7a* 
oCk^Tlo. 2) OUdCtt, ! E U^eaiCHLT 0 X 
B u s5H»IC»«Lfc £ p-op **»7 *^«» c fc 

C/ft*fc. I E U 7 e r ra (B>* • 2 - ♦ I ) O * A i > ^ t 
C»-3V*T. aSTtl I E UOU703HOH7¥ll^f i8 
ne>. tt**rDXBu S %ALT6ato^l«<((t« p-opi© 

p-op. c ntttt*(¥ciEmH7 t* 9 . ft£ana 

p-op»©it£<Di£Ut***7t± A L U1T-< 7 B W<0 V # «P IC 

assn* cnu into *<r p-op icoaffl^n*) . khz 

tt. **7/1A±-nWT¥7< C k*«T*CtUC«!)i»7tt»ai<F« 

e> n . ttsi ( v u> u . eutftts«>Tii*K) DEc^ajn*n 

6. 

ttitDXBusiMiiSTi^li 1 ** p-ops<DtSdtC 

i*. H7titBa*-< * ^ <i> ic us « no. c©it*t». ti/H 
7j6««^icmrf? < z k««T8<4»ihtfiiH8*en. ana 

±121) <om&K.*\,. *»»7*<»fc 6U»*. *UTA 
LUI»ffi:ttfftoBOUNDai;REP«dW7?Oft*i; 
»JT6 p-opi©4 6ICtt. 1 ) 0>t*GO±iZ? 4 i V^ttf* 
RUft^. ^nt>©a6 p-opati. *)t±t>> <>-t/l<e>6*tt*4: D 

xBu5±^aaiT&di5»««a>**»coj:Mcis')tabn*. 



»7*««ttn^Bicgtfi2sn««>c-ov^Tfct 2 owiim*'* 

«. HIIC. I EUtt»9/3H7t6 p-op«t«T»lCi8WT 
4* *2K. IfraffCXLTI EUtt p-op.****a*P) 
T«7ToCk««T«4. BiEThtflEUtt, 1) p-op«© 
t»#t*lI*>K*7L. 2) P-BP«0»6iCtt»rDXBu3l 
-Nj***ltntf*e>*^ (»«*fl)J:KT«i:tt! EUO 

Wp-opj St. ^ne>d««MIC D X B u s J:^at/kH7T«. 

ttuaWKi. i ) ac/2) W7% (— mr«tc> ha 

*4>©krtatf. »*dto^ufc»7iw«ii^r»^fl!>HM« 
5*acm7 iwxtf M»oeaH7) A*ajos ns-flrttttt, *> 
«. (em iigiio £ a p-opa<o?att(K»Ht:t±EtaLai**acc 

m»<Dea*!7ctii»«*< . iroidKi euh P -o P 
t»7T *ntc*©»a%R7a^<«»tntf<ce»<t^. cnt* 

A P*»e> I E U ^05 U J> A *MJTr* Ofc e>TJP». S^IUNC 

> * m jt*<9 > k * u j> a ^ear a p-op.vat*. ^sfo 

p-op« ICMUT. -tO P-op ««W7f4RtCRffl*A5>K«f 
M UGt tf *itf*6*n. cn*A PO|l»l:«ttlTtt«t 
H4QEiS8J:C/u';A;El!(Dt|«. APliH*<fibft 
0»*H^^^flfTI.©^%«IITonK:H7T4Ct»'t 
ft & u i>A *tt**ifc|5fc T4fi'l)Bn<f i> fc b 

i EUtt p-op %fia«t>»c«»aiLfcjiwtc^suT»w*»7 

*a*0L fcttll. 4:0 p-op *«iEHIC»7 tft*»<0 ^ »CI8« 



p-op« <otta*«tf7T*. lEutt p-ops<D»aifcffih'tr r . 
«. & s tic t a w wi» 7 « r * * « ^ ft c » * 1* a t * . 

UTK R 5 K iji -r » 7 * tt W T * . 

8*1*7 * 1 ^HUCcvMIdK:iil»7%a»iUTll 

ctentv*. H7AAH4?o,n-fni'iraTft!). wic 
« a* * n jj? u i tf tx tf <c e> ^ v^. 
iEff*f7i±. p-op cD»a*K:jiwj6«i»2ijsn*i*nfcr 

3RSn4 . 

KM»(Q6a p-op. icn^i**ffftftifiM««aTCt^ntf 

***n> iTi»«H4. cnu. iEU < ^*«nfc»*75 
P)©i«d<OiEmH7<0«fcOTJ!»*, 

»WJ*7tt0ma*<Ofc«)Ct>*>fl!)Tft 9 . «Kt47- + f 

6. KXDIftttD I vat/I d I W?aft«o p-op v-r 
I'^nOEUBbor tk^lCtt(R*oW4 P-op.JtlC«« 

*n*. ]at9Mxa(/]NT0ttninn-enB0UND& 

1/ ! N T 0 ft -ft© E U a b o r * p-op.Jt T « ffl « #1 * . 
REP* o dftHtl 9ifiLf9ittt7liR E P" ©d?y-7^aft 
4>© p-op p-op». ip^ E U a b o r t fcftKft 

iR*o^4p-op. ±ica»isne». t>u-eor> p-op c^oti 
ttis^tnii. co»7«iE7!r^7o«^9K:a»sn*. 

p-op amt*FQ<SH<Dn 0flU4r«rtttt*«-6^ ftTIKe 
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t* {cs o» oaucoaifr) c t tn^^n tin. ztit* 
1 00 p-op c»im%i Eu**«mr*¥jti«tt«e< . 

coitti- v KD**7U:WUTaft«t26i HFrSfi*. I EU 
rtcom^tO p-op EICttLT 1 -?(5fi<5«nUi'ff5tll<t^ 
D ECn^»9»ail*« p-op CI-3^T«HOB2* 
tt|»K*»lT ft 4. I EU*lH7tt. APSt/NPAtttT 

CWtTD E CIC J: -y -c iza s n fc * n 6 <7>a*a oi k a-st* 

affiwrtK^-ritsn. -tj r e p»±*7 ttttastata 
tut 4. 

«»<9a*a(&*wuTv*<£t*A*«fcHT*4. *<o«i5 9 ic 
A PK7** 

mm cm o s x * * A,*$n i so %«m b. p-o P » view** 

7&t/««<DJl1it*t7*a*Df4. 

at It . <,UAP»73-K*M7*-X*«?>U: ( ♦ 2 - ♦ 1 ) 

wra e> nntr. DECttii^«<o P - 0P (ix<&v?a 
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t^tfto. ll73-KQ»tfttt. DECtt 
aS«<cl5»l#BB*aftTft* 1 5 ICftoTfi 9. W<Dp-op* 

jt^T46>c l < nn*>©o. s fctniut^ix© P - 0 p **f7 
a*t*SET*. »*n%«) 9 ? *<9«k i o©*-r 

9 A>ICiEUV*tX<9 p-op fttftlXto. 

»tr ©JIWH7 %»ar*c cdwjb^-t ? *it d e co/t y 

athsn. tftDEccora-y^DtAent^^^fti 
n. jEL»t*o p-op of a- K**Mtt3n&. aa»7©*t 

%X9To<Dtl. a Pd'tic p-o P s*»#k:^t * it 4 <ov. 
*y?3.> i*anx©tt7K«af*tt en*p-o P ^ ^*^w-cft 
* c t t 

6114, JEW»7cr>lt*, p-op^jratfJKTi:** p-op <o 
Kk:HT4tt*B*WT4/ty Htt. 8l»ftlflB#noc 

^MBtv UliOJId. »7/t*fiatt!*iiBttt»tr y 



7©*-fi >^W*ttWlCfi&0*-Cconfflai!7 t WC J: ^ K 
*4 . 

l?a<*>J:^IC. API! p-o P i«r«»fc ( D ECA*f6fi"f-6 p 

-opioatic»iT) 1*7 Utt9ntf/x6«i«. :nuAPt< 
p-op. %»aT4aitti]iH»r*4<<. i©«4i^AP 

*• p-op«<r«a-Ct6«tlCtttTIIW««ffSto. £T©» 
6. p-op t±*n**X7Lfcattfll*Tt»lt73lf4Cfca*T 
ft4.U*»U. lEUOttSfc^'PBItlUT. p-opi«»7 8 

4. »6 1 tt p-Qpit'Xl7ttlCDX B u sK>S«««l<tt«tt 
6T*oT. iELt>**7*»4fc p-op «r»7«tfoCt*«T 

ft p-o P .(j<c (o x ^eia*»*r-&ii6 2 rtt. uat* 

a*U«it6Ci:*>06t p-op %»7Stf*Cto«-Cft 

4 . mmrtitf. »di tttttoi/^ti^tvo 

7^**4) **lRtf£R*xa«JE7f 4t p-op %»7Stf 
4Cfca*T»4. KajKMbTAPo*. DXBu 

s tfttlPAd rBu sBfflCHWUftCtSyiiJIl^BJIi: 
«iT4T*oKkta4k P-op *|f 7ftt*4 c t a«T ft 
4. C fltt P A d r B u s > ^ *; 7 Y l, AUHlGaa'T L B £ 

A<*>fcoicn*we>n6ii£*a*. c cornea*'** k 

R7T4a*Sa»*:*D4l3ICtt«£T4C t**T»<rV%. gfo 

H7i:«atT. d e cic j: 4rctDtt*ft<r>/»**iuTKtt 

WT4. 



1 EU. NP. ±fctt>* 'J »»6>©iRffluy Sffl 
Ii4'*i5hiRlCAPU»a» P-op %ft%7 3* 

4:t«'T§4cti:aa«nft^ *fni*ll*)K:*ma_t 
o»ati«T4cttt<t<. *c»w«tu!>** wvKas 
t*. chtaTft«>i:n?A^o^o y ?initeiiT4ft: 

m^^, APU, 80S P-op *'XSK**7T 4 Wjft * TC. 

tto-cth««3iiaT4nci:n^Ri*»fflT4cktsa 

«n4i/yA^iiti8«)i:a»tTtv'2iMtf<r*.ttK 
API*. p-op ofia-ptcmmi/mii^sutAf 

»7%il»IU/ittlC, *<D p-op <*>»a*»WK:»6*4. » 
7C«ffLTAPBl<i4 p-op <9BBI% ( PjiT6u t fl'T ft 
4. C©¥»tt. DEC6>0infia(HttUTK;8t6J: V/ 
7<9t*C«iET4. ft<D*T0!>»^. APtttoa%«t9 

T4, 

»a*«pitufctt. a Ptt*apisnttJB<DiBiaat/i«»©iii 
B * fcUffjn«»-^%f7v^. »tw7»:«t 4*fc4^fta;s 

HAPttwntta*(»ttT4±T<oic»icniou^^ntf<r6 

<t IN. 

A PK7 

WTIC* 6 tc^fl»7 «:KWT4. p-op«± IC 0in * »9 T 
4*TO«m»7ICJ1 IT. H7 I dOtf y K3..0>o«*ia 

%Mttr^ft«n<9H9ii*ttica»tt^«K;t 4 c fc 
ehft^ cnic«r 4 2 «w^a6ic«fflftn 
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*«» r r/< v ^at/-«snanj nia-n (kj^iiii 010 
s ) T*a. r«is»m»7J o-K-iiii looi ) <». 01 
n»a ft SE^Tftb 0 ic d ec6*kk a n*c t^ttwr » 

a. 

9 to t « S »** 7 »S L ft ^ti* K tt ** 7 *»» b T tt ft 

in? *«a»an&. 

tmmxv mm} a. itoDEcwik p-op«k#*cttm 

ChfeBIF, D. &C/B v h (EF 1 a f sSC/ 
M <r <0*^> > Mefit^WJCjien* ) ©£»* fctt«n*MC 

urn * fciimm«K«»**** p-oppt*&. ap^isw* 

»W -5 { 1 * ft tt ffl S3 co) t v { I t/ililBC) KL^ 

tt**ST*t. c<D*7ttm*«*D EC^a*fc*>lCttffl 

c t\tt w<o*7 r t± ft < . wicMt»e»h»:<t*<,fce>TP- 
op%*»7 e^c fc6«ftt>c t icaa«nfci>. aw ©p-bpH 

ftfeftt*. (MM** h R»r9{*ttjfelTP-opa>tt7ICtt«Uft 
I* titf ft €> ft ^ . ) DECtt. WWe? H*rH7%Stttfc 
aft6»ttflt9T4>. p-o P C!>*7 rci*JRM«M£p-opfc?7*J*fxT 

iTJiiUkcottBtinfc^. Bin. p-op©»a«i»»c. 

►•CD«bt\a%»* tmtZA PUD E 
C C C <Dlff%il 9. -t© p-opO)»I!%ttl7T4kl^Ct 

±E«»t» H17o^5 7Blflt» Hr»Ti>6. APR 
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c/DEctijys»!)t:cn«ioif9 nctt-f.ascmfcMy?7? 
»• t» ft^naft6ft^. < anic**ft «» *3 x & 

ckft<) ®at*r:*>ic. a p ia un * ? h *m*a»r a 
i* \z <atcft-?T?ttft<) ch6<otfv K07^*3e-% 
SEEL. Ida p-op a«afc©*t* p-op ttz*tvzt\*>Q>m 
K>f**an« *hwk. Wflctv ► K*r*afl)T * c t 

a«, Mt»o3eai%y<A±o r«*ai7 k u xj blvdz* ho 

H75 * tzn&t\t>-75iZ fell^f*. Cfltt. DECfi»@S7 

op-opi oiiaic mm s <>utiai p-o P % is a r * /; *> 
»c d e cdi^aiu/s (tta) B»r k u^»»Et < ttwnn 

(M%A P*'*£t ti (»a) THUAfcHftflli) . APtt 

cn*a»LTDe* ho3H»r«%ai6ft^niifte»ft^. 

tt. A P tt 7 KUXIK (Wt>. IU^8»7Kl/A) 4, GO 

* * v i/ * * $"^a*>ft wntfft 6ft i*. 

APtt. P A d r B u s %aUTEt^e07 H U^*x8tfc 

kicj:-?rcn%T^Ti7^. coma. HtttiQi^vha 

t K68UTtt_kEJI 1 OJfcttlCSIttf *. EC DE 
Ctttt*»*»T J: ^ *a«MCffEU. iELW> 

Ht *. naco J: } fc O E Ctt. DEC4<«C©*»7;oft^ 



%5*3-HTt*jc^tcft*Rtc»ManfcMaiK:y i- *S« 
hi ow»e» hEMtttHftocnttnco»7T*D. w 

SWK tt* ©eaiJIiJOB P-op t*!7t4. APjQ«jELHB«7 

«t»7j OilBJ%E»T4Cl:%^ttlCt4. E0«>. AP«7 
KUA%j4tfJLllrH7taBlTo6'. *fcliRf»7* (M 
»7 Kb^kJtlC) a>Dt4o»Oflh4»T»6. 

»I%(»ft6T^-y;o^fl)ll6. PAdrBusBiStt 

»*uctv>. cnt±. -t^v -3v (-ttBann 

*. a p tin*** 7 *a»utiii4«»i b /s c k *!»^t 

ntf. «ntta*<Mttsn*. AP*»e>Ji/\tf. ^-s>?o* 
H*ofta»l/l»7tt«Ho p-opiktt»M«Tft*. dec 
tip-opo«nai/ p-op mmzn tt^- »5> o * 

«n O ft * OS** ** 7 tt « iSi" * 7 - + T 9 + * « 

Ctt, Wn%a»T4lflO»7 5d«»ffST*. -Btt 

— »r>ic«msn, tt^ttftjoatt^.- v h it<rb%iEu 

aC/NP) t J: **mit 7lCtt b TUft i»jfe0{tt4rWT 6« 

cn«>o*ifrt»7fl!>€^A 1 «aco^^oft^ic{a««^e>n 



ttj . r»aaiji3~ k j . ^ j:c/ r-MW«nj o-k- 

1111 0100 ) *»7ttWil p-op i/ — -9- V ACOatDO p-op»±T 

aw*n*. r-Mtnati j »*7 < a- k -im oioo ) &v 
rr^jj'j H7 (f ^v^»f i:«ut3 - c-iiii oion 

tt v ^ o V — ^ >7.<D«!7JO p-op»iTa» * . ff 
/w^Jl»7 (f /5» ^ v7Il>?UT3- K b 1 1 1 1 0001) 
H7^o«%St;*^?^'f v f-U — 'dr VAOHttO p-op«± 

MCC 2 6K7/U6 511. 1» C M 0 S ^ ^ 

i/o%«m-r* i trv h^^Tft*. n»coffl^ei«tt# 1 

-•2JJinT56&b |!D%MCC»»7ll#2KaTJ>6) . « 

<D7*-XJ3iiircoisiaitts««nT^ftw>. co^^a P -o 

P s6>-&K»a UfclEUt^ *';»tii*«3l»7<ra»T«>ft:*)iC 

amen*. s>* r a / * a^ffio 

«BR («A.tf I/O) ©ft *CD|*Ttt£j«*nftH. 

MCCtt^*y»JS7K^A%«»C (^*'J*«%4>ft& 
T p-opiOD«fj«IC«UT) AP«^*IT*. MCCtt. C 

co«#ic > * u a * ji*»«*»7 a « ftwniift e>ft ^. c 

<Ofc*>. *?7 *a»T 4«5 C p-op ^ ^OW^Iiatt #»-ctt 
ftt*. »ftii*0«»»*7C«^^^Tt^7^A*lS«UX^* 

D ECO/t J ? 3-> Ktt. ifOD p-op MCC 

» 7 iz «6 ft a n * * r * . 

> * »J««i&*<Dl?7tt. 7 K 1/^4 A P A>*>5fflL*n* 
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ntt. m c c r- * tsar&D&t/* ftft*£<ft*fT 

*J*lii*WKfct»H(*TJ!>4. p-cp K Jt6a*&L • XX • 

Ktt. A P6* J J: 9 * < XSfctfsnfc 7 K UA*£5S 

T*£.«t«**. C<OJ:^Ce p-op Q» ft 7 ti. fit* 

>*'J«ftii**fcfc€»T p-op.<0MCC»7lCli»0tt< 

0)7KUA*PAdrBus%ftLTMCCi:ijiJT4m:jl 
£T *. MCCtiiff ( 1 * fcttHttO) 7H^*I^CI» 

*>f7WrttcK«r * c*a*-cft**»6. aiiiMcc 

t8ii*7 l"U7©*«tf|^T4>^itt<zV^ U*»b Iff?. 

• ft tflftfcf? WHCKXT tat' J: ^^rtl^ictt. MC 

CK J:6M7t^Vt«4. c n €»03tta<9*tdlCtt . DEC 

U TV** W till. KOC t*««4U»«. AP*' p-op *1*7 
t4t, D ECtt» 8iA**i£«Lfc p-op *«JE7U»«>i* 

f«ff6fiJ»intKiT*4i:aat4. DEcttco>»aii 

^TKl/^CJIICTo^i'tairfcTifcttfftRf© p-op 
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9 7©«fx c it u. cMTMcctt. n*»«oo5fta. y-* 
t 7 ¥ wa t <ox e^btf , x* o * g a*aju©» 

a, aw* v v t/a^<D»eai*coiiRa>a«sa*WT& c t 

ttoTM C Ctll({ Q&V*fflB%WT4 7 K U AfcWfcfjW 

rticsxr &<o*ans tt*n7)* (at/. art. AP***n 

U-t<D7 K U A %a*cr> *Sltt3 «4ttA t> ) II L T 5 . 

m cco7 h u Afca»att*-2fT (futcntiiocop- 

op. f §a>^03H(l©7 FU^T«>4t)(OtUt) MCCICJ: 

&»§iA*oi*7 fcroantaiss**. 7 f i< A*m*r>ica 
a. 

MC C A»«ieD*l7^^aiSn4 p-op *. MCCtH<4T 

to^aiatiaam.- v k>*x*k»7 a «r^«nt>. dc 

CtltC p-op bT*A«tt4. *X«K. DECtl 

p-opt^iaa ^»*«jaicM*r*n 0 *<o p-o P cdmcc*7 
*«<oaittA-y Ko»7fcmBi5ifcuro^. 

M C C<0iEff**7<D*<DaK)ICM-r&W 0, «<0«tt^-* 
h IAP, I EU. NP) !CJt4#|T!r»7i:<0im»MtSttffffi 
L«tH. «mWIC4j. MCC»7^t»5n6 P-op *MCC 
^Tt 4>**7 2*14* fcttm&*v*. APp« p-op %x*»c 
»73*. Bat6/t 'JX «i&*<0£T<0 7 HUA*S£fi2U 
(* U T ft *l^»i>»tl*t*> **ICll. DECtt/54 

^<ynto. id*., d Ecu:neo5»6t»«i«u. xc 



<o p-op ***awiciai*u*tt*. 

APfi' p-op * jE7**7 S tt**«*tICT*> * 'J »ftii** 

£flJU*^tt8lfcttat>&«T4. cn^ojit^ictt a p tt r 
hV^ct. ttoTMcC4»*.<o»7^»»«n^i>; i: * d 

E C CIl^T* . 

S^Ttitf. NP»7tt2^y K5/UT^9 ( p-op * 0 
it;«7atf6C ktlPltttUTV>o) . ft -6*3 

ttwn *a»T *• c p tt«x»«N p *dUfi*><otti 
a a* taw enrvof, it tax «m*x 

maojt^c. ft^t-aa3s-tt-*oizd65»^¥»* tc p u 

ndTiCkttt^ t»»u j>a*©BM1. 
fcl-*cfc**i*sti.aou:>A**RX-r'!>«:fc6'Tft4 p-op 

man*. 

Ha<07?Ofi1»7-*f?ft (80386)1*. VRO-VR 



op» t*«tt6:k«'»«n«. cntawur. ap 1 

5 11. FR 1 - F R 1 Sfcftftltfcl SCDttaftfflU*.**© 
ftldt. 8 o<DtHOir i// > h H? t I E U 

1 7 a 1 5<o«ianm n^^mo. mawj? a* pro** 
1 e urticffst-rv>6»«, cnnffcoB«ofci5>c«ffl e n 

4. 

S5ttfi3l'J>A*VR0~VR7a>e>ttai'J>.**PR 1 
~PR1 5^<D^»O3«I«0T**. »»aH>A^tt 'V* 

'Uh7Wl7flt: %tilft UTH*. V^»67U«ffi 

c/affl 9 a h 7 i^-f a* ^ 8 a hoietttatftL. cne>o 

*'JAMi5R» p-op»cr)^ ^€D»T«l<0 3 K y MCttlCT 6 3 
B«PK:W (coluonl CJ:9T*anT^*. 

5iic«KT4^^%*r-r* p-op <o«fT^ntn©ttJB**awr 

^tl 7 oct) jl v h 4rdO. 

f^«04rlfTo p-op <D fcfi I3CD CJ JBttHl A J: ^. C 
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OOHtta-Ctt. VR0£<PR8C. VR1^PR7C. vr 
2**PR6tC. ~. tUTVR7t»PR I K?«8ft4. 1 ft 
Q A »J A htX P R 9 7*36 P R 1 5 ttlf # * «rd*. PR 
9 fc* V A K Oft0T P R i 5 »; A »■ CD«T»*. C<D«Mtt 

Meo^'jfcaoivi' icttttsft*. 

ST.tiTO^^O. I St/2 *1T4 3 p-opf<Dtt» 

?7~Oz VR0oVR0+VR3 
*» ^ = J : VR3-VR3+VR5 
*^-2: VR4-VR0+VR3 

V R OttftKPR 8±C?{l«nT^6*»^. p-op(O) 14. 

p-op lot vm^m t a *c t **mxL* t\* itpr 8%scm 
t&c kur ft*^. ff->T p-o P io)<?)ttt&n »cffff-r*^« 

14. VROtSffi'jAhPlOttau^A^l^llTim 
JC*L*untf&e>*V<*. p R 9 A» B B5 'M KD*UT*>&(D 
T. VROA«PR9±^?fll«n*. PRStt. 800 p-op. 

nfc<ct>fi»e». ad v a koicsk s ft b^m^o 

*fr«ft<6*»<& p-op BPR9-PR8+PR5T**. 

p-„p . iflfc p-op|l)ttVR3*fIUJ:^kt&. C 
<o p-op ©^y^T^ht-ejttCreue^i^ftic. VR3UB 
<D5tHC £>&f»JI U !>A * . BP*>PR10.t^*»* 
hi. PRBttSEB'M MUlCDEIgn. PR1 lttlffl'J 

AKo%ntcnit6. = i kjtcjfci7*h638ao p-o 
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p ttPR 1 ObPR5 + PR3TI»6. 

P-opl2)tt V R 4 tXXt J: 0 k T*. CtoXVR4*±t>a 
U5>A*PRllK*««ft. VR5fi>Q^nhQSi:Kl 

sn*. *^»2fcfcvc*fren**»<3 p-op bpri i - 

PR9 + PRI 0 T*>&. 

aauy^nsiTt p-op &9>i>mn*-v nzn»T 
* 4: *<o u i? a* v h ti ? »; 7 sft (jnfibtau) . 

-to p-op jd«H7 Lfc>»lC<l)*t ? h S ft* (HatRT) . 

c #1 «. tea i/«;AnH^aif n utv^ao© p-op © 
fc»iciEU^r-*a«ffSLT^*ck*®ttT&fc*>K:#B 

T*>&. Hijt<0<»JE«l£«i>TI4. p-op(0)*»PR9t«I 
L. p-opll)d'PR 1 0%KKf o. p-op 12) H P R 9 at/ P 
R l 0©ws*K*T4*»*>*fta'Xt7^nfc «c*l3CWSbai 

(p r9£c;pr i o) fcuoT^ttttfttra*)* 

cfttt p-opin&c/ p-op(2>a*»*T l,fcl»a^^©*ft£-f 
*. p-op(0J p-ep<l)tt. t> Uflftf* 1 — »3 ft4 fcp-op 

(2) t)-»«hni^e>. ?ia u -ct4* ct^c k 

3 ftfcH. 

CC 2 5<D70v?»aT*>*>. toy* yu. AP is 
A*fli£UPAdrB u s 5 5 lrtlT?l 8«Sft**ftS* 
7KUA*. »0«>fl)t»7©flfti»i:^-jT«S«ftDXB 
us 5 8 *^tT SI ft «S ft&«fCf- 9 JCttt/tttf* C k 
fc. <32fcT» H»JliIP?ICfi*!tt3ftTt> 



* ) t APCJl-9T)l2«hT^4rt'( h7KUAfc*./Wh 
ttB6l5*t4il k k. *ftii* kB«<*>«*tiJU tCMOB 

*JRIC**fcil*»K*fte>*»tt1-*C k k. »fta*tfltt* 
3 *fc p-ops**«S3B*lcH7 T &C kA«SIiaft*4T» 

>x) *ttft-r*cfct. ^»<?ti6ictt^>*';*fct4 

JEWr- *7?*At±^ N P 2 0^ailTT*00 

A*. ttoJoojAf^'itti/ATAr^tAai/Nprn 
at**. a* t zs rt<o> * ft*r-* 14 « 

ft 6»<D A V 3 »J CD p-op»lC J:-3Ttt«ftfc»8&**» 

in"* 14 tit** n<c6*r^»;<o»«ii*i4jtm 

fc T ft *> . «J * J» * 4 *> T If 9 <Difi < O 

< * ft a * k « u t ) * ft & * 14 m- 7 k p a * sck t * c 
k. *fci4t,b*ft6^»7A.tfArj';m<o»ftii^^?fmi« 

MCC 2 5 tt . ftii*/t 9 7 7 3 0 2Ht/^^f 1 7u; 
^30 3 fclSftfe* ftfcVta*? (1RESQ)3 0 0 

k. 5/ A*A/t v "7 r 3 0 7 ta^i)«hfcJ/Af A«ft&* 
»*>fr*l ISYSiQl 305k. NPyW7;3J2a»7Af7 
U?*3 1 3 k *fiGft3ftfi:»« A** WWStrW (HPtQ) 3 



i ok*«onBio»*»<7«fflia**tj. 

WRESQ 3O0UIE7Jtr-^7?-t^<D*i:ttfl-?. C 

ftt4. a* ft a** r -* ( cftkt*-/w h . i6e»hH, 

* fcl4 3 2 tf y h e««T*oT Jtt^«. 3lfr3.- v ► A»6<0 

*~cr>3 2 tf v ^esjiBrticm»c:^wii-aftTn»-r4) 
a*/t^ nnn±r> * p!o(6ai^k)«*ttST ft* ( i < 
fcii«tto!>) «B7Ku^i:J:->T}||$iftc^:iC«H*b 
tftickk. RftAxDA * J y ©»ftii* k»»wtt*ttlL 

k k tdcwao4T<o*ii*u[tTto. 

SYSWQ 3 0 511. J/A7Al«ii*«r«iaVft p-o 

p.a'iaaiaicHT u. *ft-=»**>*'J«^»ftii«ft**-cj/ 

A T A» 8 ii**H05T4. Cfttt* < fc 4> 4 T 

/»» ft *a»-r *. v a t a r ^ -t a ttiii/ a r A»a 

AP»C/-?TafrSh47^tAT*4. iTfl'^f At* 

ii^tt rr^-tASftfcj tftit r»*pj e^ntyht* 

*-OBftIiK*mu-JCK.»ftii*t»ftkl.T#6^T*.. 
A P l4H*ffl}<J5Hl7*af7L*l'*»»6. 4t©VAfA7^t 

Aiaa»Kift«feT*. 5/at a» ftii^tttt^asu • 

XH-»ftii*#^*»^«afet*OT. 7KUAtt*ft&* 
NPWQ 3 J 0I48OON P»8ii*7 P l/A.(s>tt< fc 

0200NP p-o P s<Dtt**aj%T*o)i:H^) ft««r*. 
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-yomttAtim-mr -* 7?** tana*, id*, i-on 

p p-cp » 1 o >w ► *T0r-?*tt*a$u&tf» 

W7>* fcttfl*ia>— ?y*fr *> z t a«t s ZEff p-op a* 

< fc 4> 4 /W |><3!>r-*KLA»7?-fcAT8ft^. CoTNP 
tt, »-© p-op \Z J:r>T!IJI3nfcWft&*»{*%iIfTT* 

fc«ic*«ffl*afia%iifTT4c n*-c e &. np p-op q 

WRESQ 300tt«4>aHft»«a>*»*>ffWr*)9. 
ftilt* X 0 Iw p-op »7&«/n^W0O«a4rfj ^. WRE 

* y KO r - 9 ) (5/l«l(!)3 0^moiSlHtt8I ( C A 
fSJ h fc%*U4 C» KOUffl^^C AM. St/* 7-* 

WRESatt. f-^aTFUX/U»tfi» { PAdrfll 
3 2 Otfftfn-JF I F0/ty7T* , 6f-^7nXOfc« 
<D>*M7FU.***fflf* (Ch6«0^^'J7FUAttAP 
J0»<e>M»f4fcPAdrQ»caa5Sn.&) . »7 KUAIi. X 

t7 s ma r ? -t *<i>By ta^aau. tfctxa^du 

U-XE-ffft>&») t . 7FUA**£Ufc P-opO^ 
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SftUO'W K%flJ^T*4tf» h G> /W F ^1 tl A ? fc . * 

o7HUA6«*o p-op k. -3 t»$s n&a«© i»<or«* 

PAdrQ*>&|fflLfc*7l«U^li. 7KUA*il^O 
*S)n*v HCfcoT«ij<3n*<=)n*»0/W hQincutt 
K » h«6%HT6WRESQ?Ji:Hi:X7jSht^&*T«) 
7KUAtlSfilCttfien4. fctWRESQrtlCHCKt 

ft i>. 

T. •6io*»^fi«CJ:9*<07 l«b^V«tnnoJ:0 

ic u ft u n a ft e> ft . cntt/WT^-f^MttffiLfc^tf 

h. C«)4^MC CU7 F U A* P A d r Q ft K ■ * C t 
fttl. <>UCOWil^8}nO|!IA%^iftf. MCCttPAd 
r Bu**Oy*UTAPa«J:9*<©7 F UA%Jifit4© 
fcfflikf*. *^Tft<. t>L/W 7** •< v«tt»±*««*3 
ft ±fctt«ft 9 £^x> h »J t»«T4 H t ICt -»T 

CO* 9ft«ttf»±*'1*&t3nfcttll. ■rUH7HUA*«WR 

wresq 3 i ortottirtnoaT*^ >^i:Jt4?« 
> f a e >^2coti d ar<ofc«>uiiaiR3 n-&. <,u»«3n 



/iffiBi<SttT»ntf7HlAtt f 7 F UACAMJ « IC 3 

e - 3 n. *:72ii/rai*j trvhttTac cAMwtn 
e-an. 4-3© rafrj tf^ai/ r»»3 nfcj k » n± 
oic-tyhsn, 4 -705 rwfiftj tr » m»# a«n4»*n 
<z>/w Ftiistt/w n e * F*ctfictT-tv h«n 

■&) . »;icffiij*n4tTMCCtt + n«± 

<D7Hu^©a«xn%«pifi i/wr^-f >t«nff±) a* 
ft wni* * e ft t*. 

K. - ii -t o tt ic. uaevh^tyhahrv^f-^^ 

47-^%Httten»CA P *« 7 K 1/ A t 4 d Ktt <r 

<. * ftMCCB*«'7 F l/Ai'H*t«BtnH»aT8 
* tlr^ttlii ft^. tt-»T. 7-^liWR E S Q x > h »J a* 

wxi3n4iRicj5^MCc^»fcn-ctx«>a»t>wnft^. ax 

>F 'iWB u f 3 0 2 «'Ch*«»Un6. H©WBu f 11 D 
XBus (ttii*f-^*MCCA5l§at^U) fcWRE 
SQBtOA7)t«)Ml:EISnT^4. DXBuslCfItt 
6f-^tt. tn««J»UTV^»«Oai (OLWRESQKlja 

T*n-o>nfcfiEiK>*'j»ei&*) at* tn^«st ft p-op 

<&*2MC,fc->T«813ft4. 



l±*<04fcT*l- p-op * ^<0»Ttt 3 Z 9 h IZ Jl 7 F U A 
3nfc3 2e-/hW8ufP^»CEtI3n. C<7> P-op ? 7 9) It 

c CAMt^i«»*L<t^B9) rwfx j If * htt x > h 
■/<3fc«>lC*» F3il4. raHiC. +«^;UWRESQOT 
of C A M P?T »X 3 fl & . <, U *<D r- ^ ODfc 4><Offi« 

( < fctt 2 ocD»»{fta> r«»»j e> h««t> hsnt 
^4io<9fliB%ftt»\NRESQrti:jittjjftnif. tor- 

xi/hijo rmfrj ^^vFA^tv^3nr^^ft^M * « ii * t\ 
a.maic. rm»jevF^*yh3nT^*7Ki'^**w 

RESQrtKA^Snifc. *<07KW^t»SELfc p-o P <0 
fyj Iff KA*-b9 FShTV^htff-^lliTWBo fxy>- 

^3t-an. wresq r«frj tfy nitj^n. w 
b u f rafr j * * m?'J7«h*. 

H*LT(»f-^&l/7 KUAOH*6«ffat41l6i:U7 F 
l/AStff-^UAlCWRESQrtAX^jn, +© p-op P5 
f±9>0>W Buf*>MJ<D fBHrJ ty htt?'i7«h. (1 

irjuiBfl)) wr Esom M o ( i t/;uttB^) ra 

fri ^^tttjFSn*. C OWATW B u f (&■ tt»«m 
cD/i*»>iiBffikft*. y-^tt7 Kl/Ai:«LT«^WTfl» 
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£ . y-j uy^^st/wR esq© rnfrj ^^^02-5 

Otlllbfclill^Q^enTV^*. WB « ffl>«&«T*-Btt 
CiiOC fc**Tt . 

DXBus-<>*7*-A«>6HlOll^ttTfl« 

CAMicfco-casjan* ( 1 * /s (a««tc« a* 

f*6©7^*k*ttici,T.5feKaiianTt*<&wRESQ 

WRESQA«CX?]«n6f-5tt. tni'^'JWTi 
I6^^t40-t-**ai8t4. W R E S QFJ-n<&2 O© 
oOW»iyK'J<0) (M 1 ) WRESQxv PJOiTISl" 

OH. i> UJfefrW R E S QttBI l> n U p-op 9 7<011*><07 Y 

u^*dt<t»nii*ittoii*iciaoT. j^-staa© f* 

r-*A*WRESQrtC3J!>*{&«K:»8ii**4fc. * n tt 



» $¥4-503582 (22) 
1 o<ofB»aco/ift<o/w heat t» 8^i?^&^o 

i& *>ic 4 /W »- ±T* I39ft HPS©* 

drQ6»6t4ai*n*t. MCCttMCC**7«**DEC\ 

n**n<& *SEfiSL/: p-opskroc0#u:) »a«*. dec 

tt k<0 p-op»*«JEW> * 'J 7?t^t4fiET4« , t»'»T6 

0. fctxMccHT** (i*fciiaa©) r Ku***»a* 
nfc p-op 09 < k o. decb*<omc 

C**7**«5 P-op IC*l«tC«I&tttt*C kJB'Tt MCC 
i»6©H7l:J:r)TDECtt. WR ESQ*> h 'H'*«ica 
3l«nt^<t^itO p-ops*>6<Of r — ^ *Stt<Xn<6fcOK 
tt»*0»^ICtt 8 J: 0 *t>WB u f C k . &LF 

e>J8W»wflaiii*tf«4Ck*«ttT»*J:^IC<c*. DEC 
li. iER7?tA%«4L*tfi:MCCJ:j;'»Tl»72nt^ 
&t\ft%«> P-op <DflB £ 7 J: 9 ^t"* p-ops* fr U , 



7 K U A tt . PAdrQa»*fiib*n&fc»«5fcKWRES 
^*±T<07KUAfc <»Sii*7HPAICHUTRWUfc:J: 

ult) aewicttes n*. roatto jt ^ ic. 

THl/AkUffWHESQiypnol^HVm. * J- 
ft ii*ttW*t7*irtU:AfcT *>c k * f T 8 *- tt*aju»f*a 

■sits * y >• t »%i7W* v ► 'J rusftj t» )• tona 

t> 0**01*$ U 7HUACJ:'9T|IEgnt;H h * 7 K U 
^toWRESQ^yh'JitCtltntf. *fcttl>L«*£BU7 
Kl'AlCJt^TrtSSMfcyW K%7 HU^f***>h V 

tl^ntf. MCCUDCI 3 7^a)0Ltt<O7yuAfl}iE 



Tt7 htnil. P A d r Q*»6<D7 K U^(D»atl C n ?>CD 
* Y 7 1" * f f -#a*ffSJ"SJttlC*«» k . MCCttDCKffi* 

*W*>flJ»J^. fi^M C C IC J: o T D I O B u s ±'MBtta t\ 

* . Cor. t •J^aent^'i^f iii»r-? 

tt. a©tt*tbt^ •»•*•" a^octi'fBi. wna**** 

»eii**:««T*kA-f7'?-< >«an»±a-tf6n**» 

fc. r-^om^©/W h*7 K J X o*^** y » 

U. D I O B u s Jb^Httf *. 

cpuoffljoiiyhfcmtiic. Mccn^i'Af-^ am 
^tftLTD EC*»«>«l6sn**sr;kT-*A*iB»ucrtt 

p-op 9 7 lOOTa «) at/itinSWO^^ ( A T a * > <D 

Kj8*wt2-3<o> »t- , ;aio)'3%f ^At-^A/u 

I'NaHTo. WRESQii f & & <D x > h V * 4 > f ) 
(OEP) k e?**©ll«o-x. > h 'J *II t > ^ U 
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T^4. fc6x>MJtt. *n t'OO TaiJ:9S<<t4tT 
> * «J *\CD# Si&^KttLT KKIftOt *T*>«>. OOTai 

*^lt»tt. 4tvH02Olltt»»*(!)l|LT. 

x > * «;cr>4 e v ►Mi'^ev h OO t a ctxtict 

IC Jt oTilfrSFttfc. * *tt 2 IttR J/-r >A (0000. 0001. 
0010, -.1110, 1111.0000.-) TRfr«n. X V & < 

«tV>* OOT a c Otttt 1 -p©* W ? * 

^ K t < k t> («>L7o<&iRfc p-op«*«£T 

5iiiL. *ri^ p-op u ir ^ ^c*<T* nntf) sit 

OT a f*«U-C»«>*i/l»<0*J:tCtfv K " 1 " r A 

ntf. tnnooT a s * o t> 8 * til *nu±8 < tt* o » 

fcV^S, . x V h 'J <D 9 fliOOT a % X 0 1 7i£ p-opiS^ 
CttvLT I,** . C 05 .fc ^ 1C ITOOT a * X C fc A* 

Ato z n tz a *. > y *) m iz . *oi>h';or/ii»*nfcj 

fDit7j tr» hsn. tin t /it* *nw±<o r* 

it. + v * i' * y <*>m» a fcti«n*»-^^» s & 

e> >;7sn. o e p tx i * ft n * nuic r wco j 



^^¥4-503582 (23) 
d e c $ j n*>w o e a so-r <s» t . PAdro. wresqs 

C/«3©2 oCD»t A*(»Sf7W*dU*T0E>»^«WncOp-op 
^7^-A,Kft«ATa f J:9*«V> ( S > fcetfxl/h'Jtt 

»^ftWrt*c»ff en. *^-cfcttntf (ucuiitt 

fcH. WRE S t> Lx > K V«<MM tl 9§t 

LTcnfOEPtatfTHttixtmtf, oEPumoar 
wr ESQi:idb«nr^«wBu fo*v h 

©t^OTtt3^7 hTliO. x> h ^CD»J:(fitf y V 

(msb) /s it a« * © x v ^ a » © «p ic E« s n r *» 

A T a c ©Tffl 3 fcf v >■ J: t t/iimt^3ty 
h7 HUAtWttCATe cOMSfi K # L V> EH S *l 
MSB%ffT4d». tfttiATii ©Tfc 3 * -t 9 /|» * 
7 FUAtlfUiftATs fOMSB S B**-f 



c p u <o*T<o«ttxx -y h tm»ic. Mccun^wot 
w ? a>«pkw»/< A±Ka?sa nar- n*»«Jo 

T. * MCC (Al/CPUCOM*) tt 

^*^*!9!*-r& p-op 6«ftT^fctt)Bi:tnBfl%'Jtr 

1 EUK^ittMffiQ P<9ft*I 

®7ttIEU 1 7©7ov^UHTI>4. 1 EU«2?(9 

r-*«». m**-* -f p A,r-?&9t a o o at/**** 

tt. Jon. «m. ac/t* fciJS 0 O J: ^ <U 1 ^ *P1CH7 « 

r-:?tt»tt. tx. Mm. ac/Asci i&t/i osttaiii 
m-^-r ?^f-^anii. a l u 4 2 0 

i/7^ 4 2 2fc. F*^£m, 5tfrOaCf 1 7J(5J. w><ort*<o 
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[Claims] 



Claim 1 . 

A computer processor, characterized by the fact that it provides: 

a unit for issuing a series of operations achieving an unfinished operation, respectively if issued, 
multiple functional units capable of executing at least some of unfinished operations, respectively, 
a unit for allocating tags comprising a member of an ordered tag assembly to each unfinished 
operation so that the relative ages of two unfinished operations can be determined by inspecting the 
allocated tags, 

a unit for determining the time of completing the given unfinished operations, and 

a unit for limiting the number of unfinished operations to ensure the uniqueness of the unfinished 

tags. 

Claim 2. 

The computer processor referred to in Claim 1 , in which the above limiting unit allows making at 
most n operations to be unfinishable at a time, wherein the above tags are issued in order over some 
range in a range more than or equal to 2n, and the relative ages of two unfinished operations can be 
determined by a comparison of the tags. 

Claim 3. 

The computer processor referred to in Claim 1 , which has at most n unfinished operations at a time, 
indicating the tags as N-bit vector (wherein N is equal to or greater than n) with at most one bit set up, 
and 

issues the tags so that an assembly of unfinished operations is indicated by adjacent groups of bits in 
the N-bit vector. 
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Claim 4. 



The computer processor referred to in Claim 3, which also provides a unit for communicating the 
N-bit vector indicating that the assembly of unfinished operations be outflowed to the functional units 
in response to an abnormal state and a decision of outflowing the assembly of unfinished operations. 

Claim 5. 

The computer processor referred to in Claim 4, in which the above N-bit vector indicating the outflow 
of assembly is provided with a bit assembly which corresponds to the assembly of the outflow 
operations. 

Claim 6. 

The computer processor referred to in Claim 3, which also provides a unit for communicating the 
N-bit vector indicating a withdrawal of the assembly of unfinished operations to the functional units 
in response to a normal end of at least the oldest unfinished operation and a decision on withdrawal 
of the assembly of unfinished operations. 

Claim 7. 

The computer processor referred to in Claim 6, in which the above N-bit vector indicating the 
withdrawal of an assembly is provided with a bit assembly corresponding to the assembly of 
withdrawn operations. 

Claim 8. 

The computer processor referred to in Claim 1 , in which the above functional units are realized in 
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multiple semiconductor chips. 
Claim 9. 

The computer processor referred to in Claim 1 , which also provides a unit for outflowing all 
unfinished operations with tags issued later than a given tag in response to an abnormal state. 

Claim 10. 

The computer processor referred to in Claim 9, which also provides a unit for grouping adjacent 
operations so that the outflow of any operation in a group causes the outflow of all operations in that 
group. 

Claim 11. 

The computer processor referred to in Claim 1 , with at least some branch operations in the above 
operations also provides: 

a unit for predicting the results of unfinished branch operations, 

a unit for detecting mis-predictions of the unfinished branch operations, and 

a unit for outflowing all unfinished operations as the results of mis-predicted branch operations. 

Claim 12. 

The computer processor referred to in Claim 1 , which also provides: 
a unit for determining the oldest unfinished operation and 

a unit for giving notice of a successful withdrawal of the operations to at least some of the above 
functional units by preparing a tag marking a boundary between the unfinished operation and the 
withdrawn operation. 
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Claim 13. 



The computer processor referred to in Claim 12, which also provides: 

a unit for grouping adjacent operations so that the withdrawal of any operation in a group is 

performed only when the withdrawal of all operations in the group has become possible. 

Claim 14. 

The computer processor referred to in Claim 12, which also provides: 

a unit for buffered intermediate memory writes in such a period that at least their source operations 
are unfinished but not withdrawn, 

a unit for outflowing the buffered writes when those source operations outflow, and 

a unit for completing the arrangement of buffered writes in a cache or memory when those source 

operations are withdrawn. 

Claim 15. 

The computer processor referred to in Claim 14, which also provides: 

a unit for returning the buffered write data to subsequent read operations before the write data are 
outflowed or arranged in a cache or memory. 

Claim 16. 

The computer processor referred to in Claim 1 wherein the above issuing unit responds to an input 
instruction with an instruction set architecture containing m programmer visible registers and at least 
some operations change one of these registers, and which also provides: 
a unit for limiting the number of unfinished register change operations to n, 
at least (m + n) physical registers, and 
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a unit for mapping the programmer visible registers into physical registers. 
Claim 17. 

The computer processor referred to in Claim 16, which also provides: 

a unit for ensuring that the physical registers are not re-used until the operations changing the physical 
registers are successfully withdrawn and 

a unit for restoring the mapping from virtual to physical to a precedent state when detecting an 
abnormal state and therefore restoring contents of the programmer visible registers. 

Claim 18. 

The computer processor referred to in Claim 1 7, in which the register change is allowed except for an 
order assigned by a programmer. 

Claim 19. 

The computer processor referred to in Claim 1 7, which also provides: 

a unit for examining effective bits of all physical registers requested as an input to the operations, and 
a unit for delaying the execution of operations of at least one physical register where the effective bits 
are cleared. 

Claim 20. 

The computer processor referred to in Claim 1 , in which only the execution of interlocked operations 
is delayed by specific functional units directly affected when an interlock is requested. 

Claim 21. 

The computer processor referred to in Claim 1 , in which some or all functional units provide 
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notification of the end of some or all operations, said end providing information sufficient for 
determining the tags of the completed operations, and providing information sufficient for 
determining an abnormal state of the highest priority order (if any) detected by the functional units in 
processing the operations. 

Claim 22. 

The computer processor referred to in Claim 21, which also provides: 

a unit for attaching a priority order to end notifications provided by the functional units for each 
unfinished operation, 

a unit for selecting the oldest abnormally completed operation, and 

a unit for determining the correct response to the highest priority order of the oldest abnormally 
completed operation. 

Claim 23. 

The computer processor referred to in Claim 21 , in which 

notification of end from the functional units can be provided by an order different from the order of 
issuing the operations. 

Claim 24. 

A computer processor, characterized by the fact that it improves the interlock bypass and related 
properties by providing: 

a unit for selecting multiple write buffer queues allocated to process specific types of write, 
respectively and the highest priority order for each write queue, and 
a unit for selecting the highest priority order queue. 
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Claim 25. 



The computer processor referred to in Claim 24, in which the above write is allowed in a out of order 
manner. 

Claim 26. 

A computer processor, characterized by the fact that it is provided with: 

a unit for transforming instructions in an input stream containing the instructions to a series of 
operations in response to the input stream, 

multiple functional units capable of executing at least some of these operations, 

a unit for communicating these operations with at least some of the functional units (hence the 

communicated operations are referred to as unfinished operations), 

a unit for allocating tags to each unfinished operation in order, 

a unit for maintaining information relating to the end of operations by the functional units for each 
unfinished operation, 

a unit for determining when each operation combined and communicating with each functional unit 
is completed and for providing notification of the end information to the maintaining unit together 
with the operation tag, 

a unit for determining the oldest unfinished operation, 

a unit for communicating the indication of the oldest unfinished operation with the functional units, 
a unit for permitting the withdrawal of the oldest unfinished operation in response to the end 
information for at least the operation of only when the end information of the operation shows that the 
operation is normally completed by all the functional units, and 

a unit for renewing the indication of the oldest unfinished operation in response to the withdrawal of 
at least the operation to indicate that the operation thus withdrawn is not the earliest unfinished one. 
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Claim 27. 



The computer processor referred to in Claim 26, characterized by the fact that it is provided with: 
a unit for communicating to the functional units, the truncation tag assigning a group of operations to 
be outflowed in response to information that the given unfinished operations have been abnormally 
completed, 

a unit for outflowing all the unfinished operations combined with the functional units and assigned by 
the truncation tag, 

a unit for deleting the assignment of the unfinished operations from operations assigned by the 
truncation tag, and 

a unit for commencing the allocation of tags started from a value equal to the tag of the outflowed 
oldest operation in the tag allocation unit 

Claim 28. 

The computer processor referred to in Claim 27, in which the truncation tag is equal to the tag of 
outflowed oldest operation. 

Claim 29. 

A computer processor, characterized by the fact that it is provided with: 

a unit for transforming instructions in an input stream containing the instructions to a series of 
operations in response to the input stream, 

multiple functional units capable of executing at least some of the operations, 

a unit for communicating the operations to at least some of the functional units (hence the 

communicated operations are referred to as unfinished operations), 

a unit for limiting the number of unfinished operations to a prescribed maximum, 

a unit for allocating tags to each unfinished operation in order, 
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a unit for maintaining information on the end of operations made by the functional units for each 
unfinished operation, 

a unit for determining when each operation combined and communicated with each functional unit is 
completed and communicating the end information to the maintaining unit together with the 
operation tag, 

a unit for communicating the indication of unfinished operations with the functional units, 

a unit for withdrawing normally completed operations in order in response to the end information 

from the functional units, 

a unit for instructing the outflow of at least the given unfinished operation and all later unfinished 
operations to functional units in response to information that the given unfinished operation is 
abnormally completed, 

a unit for outflowing all the unfinished operations combined with the functional units and assigned by 
the instruction unit, and 

a unit for starting the allocation of tags started from tags combined with the outflowed earliest 
unfinished operation in the tag allocation unit 



Claim 30. 



The computer processor referred to in Claim 29, in which the indication of the unfinished tag is a tag 
for the oldest unfinished operation. 



Claim 31. 



A method for controlling pipelining operations in a computer processor containing multiple 
functional units capable of executing at least some of the unfinished operations, respectively 
is characterized by the fact that it is provided with a step for allocating tags being one member of an 
ordered tag assembly to the unfinished operations so that the relative ages of two unfinished 
operations can be determined by inspecting the allocated tags. 
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a step for determining a time of completing the given unfinished operations, and 

a step for restricting the number of unfinished operations to ensure the uniqueness of the unfinished 

tags. 

Claim 32. 

The method referred to in Claim 3 1 , in which the above restricting steps at most n operations at a time 
allowed to be unfinishable, the above tags are issued in order over a range where they are greater than 
or equal to 2n, and the relative ages of two unfinished operations can be determined by a comparison 
of the tags. 

Claim 33. 

The method referred to in Claim 31, which also is provided with steps for indicating any abnormal 
state under which the functional units are performed and a step for outflowing all unfinished 
operations with tags issued later than a given tag. 

Claim 34. 

The method referred to in Claim 33, which also is provided with a step for grouping adjacent 
operations so that the outflow of any operation in a group causes the outflow of all operations in that 
group. 



12 



Claim 35. 



The method referred to in Claim 31 wherein at least some branch operations in the above operations 
have: 

a step for predicting the results of unfinished branch operations, 

a step for detecting mis-predictions of the unfinished branch operations, and 

a step for outflowing all unfinished operations as the results of mis-predicted branch operations. 

Claim 36. 

The method referred to in Claim 3 1 , which also is provided with a step for determining the oldest 
unfinished operation and a step for giving notice of the successful withdrawal of an operation to at 
least some of the above functional units by preparing a tag for marking a boundary between the 
unfinished operation and the withdrawn operation. 

Claim 37. 

The method referred to in Claim 36, which also is provided with a step for grouping adjacent 
operations so that the withdrawal of any operations in a group is performed only when the withdrawal 
of all operations in that group becomes possible. 

Claim 38. 

The method referred to in Claim 36, which also is provided with: 

a step for buffering intermediate memory writes in a period in which least their source operations are 
unfinished but not withdrawn, 

a step for outflowing the buffered writes when those source operations outflow, 

a step for completing the arrangement of the buffered writes into a cache or memory when those 

source operations are withdrawn. 

13 



Claim 39. 



The method referred to in Claim 38, which also is provided with: 

a step for returning the buffered write data to subsequent read operations before the write data are 
outflowed or arranged in a cache or memory. 



Claim 40. 



The method referred to in Claim 3 1 wherein the above issuing step responds to an input instruction 

with an instruction set architecture containing m programmer visible registers and at least some 

operations change one of the registers, which also is provided with 

a step for limiting the number of unfinished register change operations to n, 

a step for preparing at least (m + n) physical registers, and 

a step for mappping the programmer visible registers into the physical registers. 



Claim 41. 



The method referred to in Claim 40, which also is provided with: 

a step for ensuring that the physical registers are not re-used until the operations changing the 
physical registers are successfully withdrawn and 

a step for restoring the mapping from virtual to physical to a precedent state when detecting an 
abnormal state and therefore restoring the contents of the programmer visible registers. 
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Specification 



Distributed Pipeline Control System and Method of Computer 
Background of the Invention 

The present invention generally relates to a computer and, more specifically, to the efficient pipeline 
control of a computer. 

Deep pipelines are necessary for realization of single cycle for a complicated instruction set computer 
(CISC) architecture. For complicated privileges and protection inspection as well as a powerful 
memory control system supported by the CISC architecture, if common pipeline techniques are 
combined, it becomes extremely complicated. Pipelines must contain the effect of multiple chip 
boundary intersections in present art. High-level VLSI integration in which these intersections should 
be excluded as far as possible is selected. If the system only contains a smaller number of devices, 
there is no signal pin sufficient for allowing a dedicated bus for all purposes to run. This means that 
a bus must be used for multiple purposes and therefore a centralized control and scheduling machine 
design process becomes extremely complicated. 

Outline of the invention 

The present invention provides a pipeline control system dispersed in all functional units in a 
processor. Each unit limits its own interlock and pipeline timing. The timing is not accurately 
monitored in a centralized control system. Because the functional units are autonomous, it is 
unnecessary to accurately know the details of "how all the units except for itself can process each 
instruction?", thus the complicated simulation of pipeline timing is sharply reduced. The present 
invention supports distributed control of the pipelines by enabling a "back-out" of changes for 
mechanical states which must not be generated. In the present invention, use is made not of a very 
complicated special pipeline control logic, but of a generalized technique, thereby correct actions for 
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pipelines are more promising. Distributed control combining unnecessary changes with a back-out 
capacity can provide important advantages in terms of properties in the area of a parallel processing 
of out of order execution, penalty cycle, and instructions in functional units and among functional 
units. Additional costs and complexity for realizing these capacities is very small. 

Specifically, pseudo-operations (p-op or p-ops) with tags corresponding to decoder logics are issued 
to multiple functional units capable of executing the p-ops independently. P-ops up to any time can 
be unfinished. The tags are issued in order so that the relative ages (times) of two unfinished p-ops 
can be determined. In a specific embodiment, the tags are issued over a range of at least 2n and 
recycled. In this range, it is sufficient for enabling to determine the relative ages by simple subtraction. 
In this embodiment, it is allowed that 16 tags be issued and 7 p-ops be unfinished. P-ops are 
withdrawn in their order of issuance. The p-ops can be withdrawn only when they are completed. 
Namely, when they are usually completed by all correlated functional units. In some cases, completed 
p-ops usually qualified for withdrawal are kept unfinished until one or more adjacent young p-ops are 
also completed. Because notification of the tags of the oldest unfinished operations is made to the 
functional units, the units can determine a time at which they can be changed so that a mechanical 
state cannot be cancelled. 

Unfinished p-ops are truncated if they are abnormally completed by the functional units. Old p-ops 
can also be truncated if the p-ops whose withdrawal is abnormally completed are successfully 
completed. The tags of truncated oldest unfinished p-op are also communicated to the functional units, 
enabling the truncation of execution when the detour ^nd machine of an expected program are 
returned to a detour point. 

Li case of an instruction set architecture which permits m units of programmer visible (virtual) 
registers to exist and up to n p-ops for register changes are unfinished, at least (m + n) physical 
registers are provided. A machine for mapping the virtual registers into the physical registers is 
provided. Because the mapping is changed, as the destination of each p-op for changing the virtual 
registers to employ physical registers which have not been used so far, the values of old virtual 
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registers can be kept in the physical registers where they have been mapped before. If the physical 
registers substituted in mapping is re-used in order, there are physical registers sufficient for ensuring 
that the p-op mapped into some virtual register is probably withdrawn or truncated until some 
physical register must be re-used. Because a set of pointers limiting the virtual vs physical mapping 
and a list of available registers are maintained for every n latest issued p-ops, the virtual registers can 
be returned to precedent values without truncating unfinished p-ops and moving data among the 
registers. 

Another technique enabling to return the state of the processor requires the use of a write queue. In a 
period in which at least the transmission p-op (p-op producing addresses and data) is unfinished, a 
write reservation queue buffer is written into a memory or a data cache. A write reservation queue 
entry is output to the memory only when the processing passes a point at which the back-out of 
memory write may be required. If the transmission p-op is truncated, the queue entry is deleted from 
the queue. When a young read p-op searches an access to a memory position written by an unfinished 
write p-op, the data stored in the write reservation queue are read and fed to the p-op. If the write p-op 
is withdrawn, the read p-op acquires the correct data without its withdrawal. On the contrary, if the 
write p-op is truncated, the young read p-op is also truncated, and the mechanical state is successfully 
return to a point before the write. 

A further understanding of the essence and advantages of the present invention are realized by 
reference to the following description and drawings. 
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Brief description of ths drawin gs 



Fig, 1 is a block diagram of computer system incorporated with the present invention, 
Fig. 2 is a high-level block diagram of a decoder (DEC), 
Fig. 3 is a detailed block diagram of DEC, 
Fig. 4 is also a detailed block diagram of DEC, 
Fig. 5 is also a detailed block diagram of DEC, 

Figs. 6 A — B are block diagrams showing tracking of a specific sequence, 
Figs. 7 A - B are also block diagrams showing tracking of a specific sequence, 
Fig. 8 is a schematic diagram showing the re-allocation of registers, 
Fig. 9 is a block diagram of a memory and cache controller (MCC), 
Fig. 1 0 is a block diagram of an integer execution unit (IEU), 

Fig. 1 1 is a continuation of the block diagram of integer execution unit (IEU) of Fig. 10. 
Brief description of the tables 
Table 1 is a p-op bus format, 

Table 2 is a physical address bus (PAdeBus) format, 

Table 3 is a data cache bus (DIOBus) format, 

Table 4 is a data exchange bus (DXBus) format, 

Table 5 is an IEU terminal bus format, 

Table 6 is an AP terminal bus format, 

Table 7 is a sequence of p-op issuance and terminals. 
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Embodiment 



Outline of system 

Fig. 1 is a block diagram of CPU 10 incorporated with the present invention. The CPU (also called 
F86) is so designed as to execute an instruction set (macro -instruction) having exchangeability for an 
instruction set of Intel 803 86 referred to in an Intel 80386 Programmer =±EABZ]=Mannal published 
in 1 986 by Intel Corp., Santa Clara, California, USA. Blocks in the diagrams generally correspond to 
presently embodified and separated integration chips or chip groups. The CPU communicates with a 
memory controller, I/O device and external devices, most likely other CPUs via a system bus 11. 
Reference numbers, shown in the lower part of functional units are understood to mean not these 
external devices but elements inside the CPU 10. 

An instruction decoder (DEC) performs the instruction incorporation, instruction decoding and 
pipeline control. The DEC 12 alternately simultaneously arranges up to three pre-fetches of a stream 
of instructions optionally and selectively. The DEC 12 contains a completely associative branch 
prediction cache (BPC) 13. The BPC is an integrated structure and contains branch history data, 
physical branch target address and branch target buffer for each cache memory. If a branch 
instruction is decoded, the BPC examines information on the branch. A branch independent of a 
predicted direction is executed in a single cycle and pipeline bubbles are not produced 

A macro-instruction is selected from three instruction buffers or one instruction buffer in the BPC in 
each cycle. This macro-instruction is decoded, assembled into internak 96-bit decoded instruction 
word (also known as pseudo-op or instructions or operations) and dispatched to various functional 
units. Decoding of instructions is generally advanced at a single cycle rate. A tag for uniquely 
identifying each presently unfinished p-op issued by the DEC 12 is provided to the p-op in the 
mechanism. The tag can easily determine the relative ages of arbitrary tags issued in increasing order. 
A bus transaction contains transmission p-op tag. A functional unit makes the p-op, address, operand 
and their tags into a set (pair). 
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The DEC 12 assumes the responsibility for tracking the state of unfinished p-op, pipeline control, and, 
if necessary, a special processing call. 

An address preparation unit (AP) 15 calculates an execution address, performs segment 
re-arrangement and, if required, realizes page memory control system, The AP contains a 
transformation index buffer (TUB). 

An integer execution unit (IEU) 17 performs single cycle execution of almost all integer instructions. 
The IEU contains an array of 8 x 32 multipliers and accumulators and micro codes of multiplication 
and division instructions. The pipeline control architecture enables the performance of both or either 
of the parallel execution or out of order execution of IEU integer instructions. 

A numerical processor (NP) 20 can be arbitrarily or selectively contained in the CPU. The IEEE 
floating decimal point standard is realized with high performance. The NP is integrated in the 
pipelines and also does not impart any special overhead in connection with the transfer of instructions 
or operands. Integer (IEU) and floating decimal point (NP) instructions are simultaneously executed. 

A memory and cache controller (MCC) 25 assumes responsibility for controlling the instruction and 
data caches and realizes a cache coherence protocol. The MCC controls an interface to the system bus 
and supports high-speed single and block mode transfer between the cache and the memory. As 
described later, the MCC also contains a write reservation table for integers, floating decimal points 
and system write and contains a read-after-write short-circuited path. 

An instruction cache subsystem contains a tag RAM chip (IT AG) 27 and a cache RAM chip 
(ICACHE) 30. Each entry in the IT AG 27 contains address tags, effective bits and attention bits for 
corresponding lines in 30. The attention bits indicate that the DEC chips can also have data from the 
cached lines in BPC. The IT AG 27 also contains an assembly of instruction stream address registers 
31 and contains incorporation addresses corresponding one by one to unfinished flows even if three 
registers exist. 
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A data cache subsystem contains a tag RAM chip (DTAG) 32 and a cache RAM chip (DC ACHE) 35. 
The DTAG 32 contains address tags and line state bits for lines in the DC ACHE 35. The considered 
line states are miss, share read, owned clean and owned duty and supports a write back 
multi-processor cache coherence protocol (changed write once). The tag RAM is a dual port type and 
enables both the CPU and bus snoop cache look-up in a single cycle. A data cache inter-face (DCI) 
chip 37 interfaces the DC ACHE 35 to the system bus 11. 

The functional units are packaged in a specially ordered ceramic PGA containing a power and 
grounding plane and a combined decoupling condenser. About 25% of the pins are subject to power 
and grounding. In the case of 0.8 [i to 1 .2 |i process, the I/O delay is equal to an on-chip limiting path. 
The I/O is incorporated into the pipelines between the chips. Therefore a cycle time is not added to the 
mechanism. A common static RAM is used for the ICACHE 30 and DCACHE 35. 

Communications among various functional units is performed via multiple internal buses. A 64-bit 
IFETCH_D ATA bus 50 for instruction incorporation, a 1 04-bit p-op bus 52 for communicating the 
issued p-ops to AP, DEU, MCC and NP, a 5-bit tag state bus 53 for communicating unfinished p-ops 
information to AP, IEU, MCC and NP, a 32-bit physical register bus PAdrBus 55 for communicating 
physical registers, a 64-bit (32-bit in each direction) data cache bus (DIOBus) 57 for data cache 
transfer, a 32-bit data exchange bus (DXBus) 58 for interchip exchange, a 64-bit bus for 
cache/memory renewal, and multiple end buses (i. e., an AP end bus 60, an DEU end bus 62, an NP 
end bus 63 and MCC end bus 65) from the functional units to the DEC 12) are contained in the 
functional units. Some of these buses are full-width, and some are semi-width (time multiplexing). 
Generally, conversations among the functional units are restricted to transactions which are fully 
limited in internal processor buses. 

Details of the multiple buses will be described later. The use method of a standard CMOS style time 
multiplexing I/O suggests that the transfer occurs at a boundary between phase 1 ((J>1 ) and phase 2 ((J>2) 
of a system clock. For the (j)2 transfer, a transmission chip must prepare effective data for an I/O 
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driver before the end of $1 . The effective data are fed by an I/O transmitter of the trans-mission chip 
in the successive (j)2. The §1 transfer is exactly contrary timing. 

Tables 1-6 show a bus format of the p-op bus 52, PAdrBus 55, DIOBus 57, DXBus 58, BEU end bus 
62, and AP end bus 60. 

Outline of pipeline control system 

The pipeline control of processor is spread over and distributed in the functional units. Centralized 
scheduling or score boarding of the pipelines is not performed. The DEC 12 observes some general 
resource constraints in the architecture and timely delays the issuance of p-op violating the resource 
constraints. The functional units assume the responsibility for scheduling their own internal 
operations. An interlock inspection is performed at a local level. In a deeply pipelined mechanism, 
special inspection at various stages of the pipelines causes significant difficulty in control. Careful 
precautions must be taken in each stage when a change of state is delayed while an exception of 
precedent instruction still cannot be detected in other stages. Exclusive control logic is general, and 
pipeline simulation must be carefully performed. 

The processor uses several simple, general and powerful techniques to deal with this complexity. The 
DEC 12 issues decoded instructions (p-ops), and a functional unit processes addresses and operands 
without sticking to the special detection results provided by other functional units. As described 
above, the tags are allocated by DEC 12 when they are issued for the p-ops, and the DEC uses these 
tags to track the p-op. 

The DEC 12 assumes responsibility for determining a time the execution proceeds over special points. 
The DEC 12 restores the mechanical state to a point immediately before a p-op where the exception 
occurs (trouble exception) or a successive point (trap exception) by using the technique described 
below. 
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As described above, the functional units have the end buses return to the DEC 12. Signals on the 
buses indicate a time at which the p-op is completed (by a tag) and whether any exception (if any) is 
detected by the units. The DEC tracks whether any p-ops are unfinished in the mechanism, tracks 
resource constraints and then determines a time at which special processing must be started by using 
this information. 

The DEC 12 returns the mechanical state to a special point in response to an abnormal end, calls a 
special handler and commences to issue any of a different instruction stream or a sequence of 
macro-instructions. The processor can return the mechanism to a specific state as a part of the 
response of a DEC to an abnormal end by using one or more of five common mechanisms, 
comprising the issuance of a truncation cycle, re-allocation of registers, use of write reservations, and 
the use of history stacking and serialization of functional units. 

The DEC 12 issues a truncation cycle when the instruction issued by the DEC must be swept away. 
In the truncation cycle, a tag for identifying a boundary between an instruction which should permit 
the end and an instruction which must be expelled from the mechanism is fed to all of the functional 
units. 

The register re-allocation is used to restore the state of common register files and segment register 
files and outflow changes carried out for instructions which must be truncated. The functional units 
have more physically available registers than those assigned by an instruction set. The DEC 12 
maintains a set of pointers for mapping programmer visible (or virtual) registers into physical 
registers. The DEC in assembling decoded instructions substitutes an appropriate physical register 
number for a register assigned field. 

When virtual registers are changed, the DEC allocates new physical registers, then changes the 
pointer set and uses the allocated register numbers as destination registers. Even after the execution 
of instructions, old physical registers still contain the changed values of the virtual registers. In order 
to back out the register changes, the DEC must restore the pointer set to the values existent prior to 
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issuing the instruction. The released physical registers are arranged at the end of a fully completed the 
free list so that the physical registers do not appear at the head of the free list until their contents are 
not needed. As described below, the DEC maintains the history stack of pointer values. 

Data write waits until it is known that the write reservation list is used in the MCC 25 and that the 
write is not truncated. The MCC receives addresses and operands on the internal data buses, matches 
them with tags and, if it is safe to do so, performs an irreversible write. 

The history stack is used to store and restore miscellaneous mechanical state like register 
re-allocation pointers, flag registers, and program counters. 

In the case of a rarely changed mechanical state, the cost of the history stack of values is neglected. In 
such cases, the functional units performing the changes (then only the units) stops the processing, and 
the tags of the oldest unfinished instructions in the mechanism (fed from the DEC) are examined in 
each cycle to determine a time at which all of the old instructions in the mechanism are successfully 
completed. If this time is reached, old values of the mechanical state need not be reserved, and the 
functional units perform irreversible changes of the mechanical state. 

A distributed pipeline control scheme combined with a capacity of backing out state changes enables 
the optimization of many properties. 

Each functional unit can receive all of the p-ops, but actually process p-ops requiring processing in 
the unit. This is contrast to common pipelines in which instructions flow through all of the stages 
regardless of whether or not the stages perform a useful operation. 

Moreover, each unit immediately performs operations if all input operands become available. P-ops 
which have not completed preparations for executing the operations immediately are stored in the 
p-op queue of the unit If completed, the results are transferred to the next stage for performing further 
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processing, and the next operation is examined. A stage stops the execution only if the stage has 
nothing available for execution. 

This behavior enables out of order execution among the functional units. For example, in the case of 
a memory write having an address production interlock, the AP probably cannot compute the memory 
addresses. However, the IEU can feed data, immediately perform an instruction, and subsequently 
continue to the next The AP interlock need not prepare pipeline bubbles in other pipeline stages. 
Afterward, the IEU can delay the multiplication or wait memory operands. The AP has a chance to 
catch up with the IEU at this time. 

From a viewpoint of specific functional units, this is not a complicated concept. The functional units 
locally make decisions and do not entirely notice if the instructions have become completely out of 
order. The pipeline control mechanism ensures that changes made by instructions executed out of 
order can be outflowed. The functional units do not perform special inspections. 

Out of order execution among the functional units are freely generated as the result of a distributed 
decision made in a processor. Even in one functional unit, the instructions can be safely executed in 
a out of order manner. The IEU provides an example of internal out of order execution. The IEU 
examines the head of the instruction queue and locates out whether its execution preparation has been 
completed. If a data interlock prevents it from being executed immediately, the IEU examines the 
next young instruction and locates out whether its execution preparation has been completed. This 
process is continued until an executable instruction is found. A data interlock penalty is paid only 
when there exists no an available instruction whose executive preparation has been completed. 

Even if the IEU pays a data interlock penalty, it does not means that the processor loses a cycle as a 
whole. Even the IEU delays, the IEU can catch up at a time in which an unnecessary instruction is 
issued. Finally, one or plural penalty cycles can be superimposed with one or plural penalty cycles 
from the AP 15. 
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In a special case of functional units which select for instructions to be executed out of order, this 
represents a parallel execution of the instructions in the functional units. Namely, this concept is 
applied to instructions requiring multiple cycles. A parallel execution of other single cycle 
instructions makes it possible for the multiple cycle instruction to have an effective throughput of one 
cycle. 

ADCache miss is usually a total cache miss penalty, therefore the pipeline is stopped. The cache miss 
penalty is reduced until a range where the functional units can discover an operation capable of 
execution without using cache data. This is also true for a miss in the TLB of an AP chip. These cases 
usually have a fairly high number of penalty cycles and are different from other cases where it is 
difficult to completely superimpose them with useful operations. 

Pseudo op bus format 

The format of a p-op bus 52 is shown in Table 1 . This bus is 52-bit in width and is a time multiplexed 
bus. The DEC 12 drives this bus alone and issues p-ops to AP, BELT and NP. The bus uses a standard 
CMOS style time multiplexed I/O. 

Typically, one 386/387 macro-instruction is transformed to one p-op issued to correlated functional 
units by a DEC. In some cases, one macro-instruction brings about a sequence of issued p-ops. This 
p-op issued sequence is atomic, that is, the issuance of p-ops of one macro-instruction is not 
alternately arranged with the issuance of p-ops of another macro-instruction (or a special processing 
sequence). 

In the case of typical macro-instructions, one p-op contains information sufficient for making it 
possible to perform necessary operations of the macro-instructions in all correlated functional units. 
They include memory operand address operation and segment, transmission and destination operand 
registers, ALU operation, operand size, operand path assignment, state flag change and p-op tags as 
well as assignment of both or either of correlated displacement and immediate data values. NP p-ops 
also assign micro addresses. 
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Almost all p-ops are transferred onto p-op buses by the use of the two clock phases ((j)l and <j>2) in one 
clock cycle. <|>1 is used for transferring almost all control information contained in the p-ops, and <j>2 
is used for transferring both or either of displacements or immediate values (with only a little 
miscellaneous bits of control information). In some cases of p-ops containing both displacement or 
prompt values (cannot backed to 52 bits), a second clock cycle is used for transferring the prompt 
values. The second clock cycle always immediately follows the first clock cycle. Displacements are 
transferred to <J>2 of the first clock cycle, and the prompt values are transferred to §2 of the second 
clock cycle. The DEC 12 drives the p-op buses in all the clock cycles. Usually, it is a normal p-op, but 
the DEC has not completed preparations for issuing a normal p-op or delivers an empty p-op in a 
cycle incapable of issuance instead. 

The philosophy of encoding an information in a p-op is to feed the control information in such a form 
that it is not encoded at a time as early as possible in a clock cycle existing earliest or can be decoded 
quickly. This is especially true for the start of an operation in which the quickness in the functional 
units is critical and for the extraction of displacements and prompt values and the derivation of 
appropriate addresses and data operands. Although only control information which is not so critical is 
transferred in (|>2, and generally, each functional unit can perform assembly/incorporation of operands 
from both registers and p-op and starts internal operations in the next <J>1, etc. 

As described above, almost all macro- instructions are transformed to a single p-op. This contains 
some more complicated microinstructions, which complexity must be processed in one of the 
functional units via micro-instructions (e. g., multiplications atPOPA in IEU, AP). In a possible case, 
however, the complicated macro-instructions are transformed to a p-op sequence independently 
executed by a functional unit without noticing the overall sequence. In some cases, the p-op sequence 
is essentially necessary for the quantity or essence of the control information for which it is necessary 
to communicate the re-allocation of multiple registers (only one per p-op is allowed), multiple p-op 
tags requested by an AP for formation of an appropriate memory request or the renewal of multiple 
registers and flags by an AP. 

27 



These combinations can also occur in some cases of complicated macro-instructions. Namely, 
a p-op sequence is issued, and one of the functional units enters into micro-codes to execute the core 
part or all of the macro-instructions with the successive p-ops. For example, the first pop of a 
sequence is processed by an AP, an IEU, and an AP, goes into the micro-codes to perform further 
operations separately. These further operations correspond to the issued successive p-ops. 
Conceptually, the p-ops of sequence are executed independently by the functional units, which is also 
true "as IEU characters in this case. However, the AP must globally know the p-op sequence for 
macro-instructions. Accordingly, in this case, the AP goes into the micro-codes and simply 
synchronizes with successive p-ops. The AP independendy executes and ends the p-ops in 
appearance, but the AP uses only p-op tags and one or two fields of p-ops internally. 

Two additional explanations of general properties are made for the issuance and recognition of p-ops 
by functional units. First, most p-ops do not wait to come into the p-op input queues provided by all 
of the functional units. As a result, each functional unit does not find and process all the p-ops or 
consumes a time. Generally, the p-ops are recognized by the AP and the IEU or the AP and the NP. 
Some p-ops should be found only by the AP, and one or two p-ops are recognized by all three of the 
functional units. Only the AP locates all of the p-ops. 

Secondly, when some reasons exist for the DEC to enter special processing, the DEC issues 
corresponding p-ops even if there still exist unfinished precedent p-ops which perhaps require a 
truncation of newer special processing correlated to the p-ops. Generally, the DEC performs the 
minimum necessary self-control in the p-ops issuance to ensure appropriate operations from the 
viewpoint of macro- instructions. 

In this connection, from a microscopic viewpoint (i. e., at the level of individual p-ops), there exist 
extremely few apparent limitations on a p-op sequence which can be issued by a DEC or on the 
timing of their issuances. Accordingly the functional units can be obtained by making a small 
assumption. This particularly applies to the fact that a small assumption on truncation of the p-ops can 
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be made. Only the maximum total number of allowed unfinished p-ops and the maximum number of 
allowed unfinished NP p-ops as well as the most fundamental constraints, such as a guarantee about 
whether the p-ops are active/unfinished at any time, are clear. 

There exists one aspect valuable for a simple explanation of ensuring an appropriate macroscopic 
instruction execution. Some p-ops change the programmer visible state, which does not support the 
back-out capacity after the F86 microarchitecture is changed by the p-ops. Conceptually, some rest of 
the functional units is needed so that the DEC can ensure the permanent execution of the p-op before 
all of the p-ops are executed. This is not carried out by such a common technique in which the DEC 
delays the issuance of the p-op (and all of the successive p-ops) until all of the functional units reach 
the state of rest. As a substitute, this is carried out by a (functional unit) reference localized only by 
units which require a rest of a given p-op. The DEC can issue the p-op and successive p-ops while 
performing the necessary extent of rest by correlated functional units. Moreover, units not included in 
the rest can completely continue to execute successive p-ops. 

Outline of DEC, pseudo op trackin g and issuance control 

If each pseudo op (p-op) is issued from a DEC onto P-Op buses, the appropriate functional units (AP, 
IEU, NP) can wait for it. Next, each functional unit processes a stream of p-op loosely combined with 
other units and, if the p-op is completed, notifies the end to DEC 12. The DEC 12 shown by a block 
diagram in Fig. 2 comprises a front end 100, a decoder 102 and a back end 105. Fig. 3 shows the DEC 
front end, Fig. 4 shows the DEC decoder and Fig. 5 shows the DEC back end. 

The DEC front end 100 assumes responsibility for incorporating instruction bytes and feeding them 
to the decoder. Instructions are fed from a BPC 13 or from one of three instruction buffers fed by an 
IFETCH_DATA bus 50. The instruction bytes are fed to a rotation/shift logic 110 where the 
instructions are aligned based on information from a PC (program counter) register 112 (24 bytes at 
a time). Eight bytes are fed to the decoder 102, which determines the instruction length, which is 
communicated to the PC logic 112. If an instruction is longer than 8 bytes, 8 bytes are communicated 
in one cycle, and instructions over 8 bytes are communicated in the next cycle. 
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The front end logic 115 controls a stream stack 117 and feeds a stream address to an IT AG 27. Up to 
two unfinished branches and accordingly three unfinished streams may exist The control logic 115 
issues an instruction request assigning the stream to be incorporated to an instruction stream address 
register 31 in the IT AG 27 and receives the effective bits identifying the stream. If the IT AG feeds the 
address, it increments an appropriate address register. The control logic 115 also receives a signal 
from a PADR monitor logic 120 for detecting the write into the stream of instructions relating to 
self-modification codes. 

The DEC decoder 102 decodes the macro-instructions and issues all p-op sequences onto p-op bus 52. 
The decoder receives the instruction bytes (macro-instructions) loaded in an instruction register 130 
from the front end 100. The macro-instructions are decoded by a decoding logic 132, a p-op type 
decoding logic 135 transmits information on the p-op type to the front end and back end while an 
instruction length decoding logic 137 communicates with the PC logic 112 at the front end. 

SA decoder p-op assembly logic 140 receives the p-ops from a decoder logic 132 and changes them 
in accordance with register allocation information from the back end. The p-ops are driven onto 
the p-op bus 52 and loaded in a p-op output queue 142. Issuance is delayed by an issuance holding 
logic 145 based on a control signal from the back end. 

The decoder 102 contains a sequencer 147 which controls the issuance when multiple p-ops generate 
a single macro-instruction. A decode holding logic 150 prevents processing when effective 
instruction bytes do not arrive from the front end. The decoder 102 allocates tags with the issuance of 
a p-op. The tags are issued and accordingly re-used by a circulation sequence, but only one p-op 
corresponds to the tags at a given time. The range of tags must be sufficiently large in comparison to 
the number of allowed unfinished p-ops so that the relative ages can be determined. If it is a range at 
least two times as large as the maximum number of unfinished p-ops, a determination is made 
possible by a simple subtraction. 
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The back end 105 continues to track all of the unfinished p-ops that float around the CPU. The 
issuance of p-ops must be properly controlled to ensure reliable actions (correlating to a tagging 
scheme of a CPU for controlling a p-op, address and data processing), mediate an abnormal state 
known by the end of functional units and then start appropriate actions. If the decoder issues the p-op, 
it is transferred to the back end with the information on the p-op. This is used for identifying right 
actions necessary for performing the aforesaid tasks. 

The back end comprises tracking logic 160 which continues to track all unfinished p-ops and a 
holding state logic 165 which responds to the unfinished p-ops and controls the issuance of the 
subsequent p-ops by the decoder to constantly satisfy various constraints (described later) required by 
the correct and reliable actions of the CPU. The tracking logic 160 feeds information containing tags 
of the oldest unfinished p-op (OOTag) to the tag state bus 53. The back end also comprises a 
truncation logic 170 which processes the truncation of p-ops, a register re-allocation logic 175 
maintaining a pointer assembly array 177 and a the free list array 178 described later, and a tag 
production logic 179 controlling the tag state bus 53. 

A back end bus logic 180 receives end information from each functional unit and makes it possible 
for the tracking logic 160 and the truncation logic 170 to maintain the state of each unfinished p-op. 
Some p-ops are accumulated until some future time. Tracking of normal actions mainly exerts an 
influence on the issuance of subsequent p-ops. However, if notification of an abnormality is made 
from the functional units due to corresponding ends, the back end solves multiple abnormal ends of 
a given p-op and starts an appropriate response, which includes delivery of a truncation cycle to all 
other functional units (also including MCC) in order to return the state of the CPU to some p-op 
processing precedent state.. 

The tracking logic 160 and the truncation logic 170 contain registers storing specific information on 
all unfinished p-ops. These registers are organized as 8 same register assemblies attached with 
numbers 0- 7 corresponding to 3 least significant bits of tags of the unfinished p-ops. Since at most 7 
p-ops can be unfinished and are issued according to the tags, the relative ages can be determined 
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based on position numbers. The tracking logic 160 contains 8 state registers 190, 8 end registers 192 
and 8 p-op information registers 193 having correlation logic. The truncation logic 170 contains 8 
response selection registers 195 having correlation logic, 8 priority order registers 197 and 8 end 
memory information registers 198. 

Each state register 190 stores a single state bit set up if a p-op having a tag corresponding to its 
position is unfinished. Each end register 192 stores one end bit per functional unit. This bit is set when 
the functional unit ends the p-op or the functional unit needs not to cause an action for the p-op. 

Each p-op information register 193 stores 8 bits relating to the corresponding p-op, which contain the 
most significant bits of p-op tags operated by the functional unit, p-op types (e. g., floating decimal 
points, branch), branch prediction information and truncation group bits. Namely, "0" indicates that 
the p-op cannot be withdrawn in accordance with no final number, on the other hand, "1" 
indicates that the p-op cannot be truncated without truncating adjacent old p-ops having "0" in the 
truncation group bits. 

The collection of state bits makes it possible to identify the oldest unfinished p-op. The position of 
p-op feeds the 3 least significant bits of the tag, and the information registers feeds the most 
significant bits. The state bits and the bits in the p-op information registers 193 make it possible for 
the holding state operations logic 165 to determine holding states, as described later. 

The response selection registers 195 feeds information for which a response is necessary to the front 
end. The priority order registers 197 assign appropriate actions that should be taken for a response to 
multiple abnormal ends of a given p-op. The memory information registers 198 maintain detailed end 
information containing details of abnormal ends from the functional units acting on correlated p-ops. 

In almost all cases except the case of generating the truncation, the functional units are independent 
of the state of the unfinished p-ops. A major exception is the MCC 25, and MCC must know if it is 
safe to actually perform both or either of memory and an I/O write in a cache and an output to the 
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remainder of the system. In special cases, the AP and IEU must also know if it is safe to execute some 
p-ops. All of these requirements are satisfied by the back end which continuously issues the 
information onto the tag state bus 53 indicating OO tags and signal truncation for each clock cycle. 

Tag state bus 

The tag state bus 53 is a 5-bit bus, the signals of which are limited to only <|>1 . Although this is the case 
in almost all cycles, when the bit <5> is 0, the bits <4 . . 0> indicate the OO tag as a tag of the oldest 

unfinished p-op. When the bit <5> is 1 , it indicates a truncation, and the bits <4 . . 0> indicates that the 
tag of p-op is returned to the origin and truncated. This is called a truncation tag (ATag). The back 
end 105 invalidates the issuance of next p-op of the decoder and issues one of two types of empty 
p-ops. When the tag state bus indicates that a p-op with a tag = i is the oldest unfinished p-op, it means 
that all old p-ops (i. e., p-ops with a tag < i based on 4-bit two complementary operations) are not the 
earliest unfinished ones regarded as being withdrawn. All young issued p-ops containing p-op (i) (i. 
e., p-ops with a tag > i) are unfinished. Of course, this excludes p-ops which have been issued and 
subsequently truncated. 

A p-op regarded to be unfinished means that it is still possibly truncated, and that it is actually defined 
by an operation using the back end 105 when determining the withdrawal of the p-ops. If the 
processing of the p-ops is completed by all the functional units, it is general to withdraw the p-ops as 
immediate as possible (based on their ends). However, there are various constraints when the p-ops 
can be actually withdrawn. Some of the details will be described below. 

When the oldest p-op is withdrawn, the tag state bus indicates the p-op by advancing it from an 
indication OO tag = i to an indication OO tag = i + 1 . The oldest unfinished p-op can be advanced in 
each and all clock cycles. Several p-ops can also be effectively withdrawn in one clock cycle by 

jumping from OO tag = i to OO tag = i + n (however, 1 < n < 7). If the unfinished p-ops do not exist, 
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the next tag issued by the tag state bus is indicated as the oldest unfinished. 

The truncation till a p-op with a tag = i (p-op (i)) outflows all p-ops with a tag > i (based on two 
complementary operations attached with a 4-bit sign), and the state of the CPU should be rolled back 
to a state between p-op (i-1 ) and p-op (i). This includes the issuance of the next p-op tag to be issued. 
In other words, ttruncation should outflow the p-op (i) and all young p-ops and restore the CPU to a 
state in which these p-ops are not apparently issued. 

The truncation till tag = i can be generated at any time and need not be delayed until the p-op (i) 
becomes the oldest unfinished p-op. Such a truncation can also be generated when p-ops with a tag 
> i exist locally. However, the truncation tags and tags of all unfinished p-ops ensure that all tag 
comparisons on the relative age still can be relied on (as a marginal note, e. g., if 7 unfinished p-ops 
exist and this truncation occurs, the truncation must be 1 greater than the tag of 7th (i. e., the youngest) 
p-op). 

These outflow and roll-back of state must be performed by each functional unit in cycles to which the 
truncation is notified (schematically). This is necessary because the issuance of new p-ops perhaps is 
started in the next cycle. This is particularly true for a macro-instruction [transfer of control J in which 
the direction or type (for transfer of control to a distance) is mis-predicted. 

In short, each functional unit must empty itself in one cycle and return the state of processing to 
normality until the end of this cycle. 

Generally, in cycles following the truncation cycle, another truncation cycle can be generated, or a 
p-op can be issued (using many subsequent cycles), or a simple empty p-op can be issued (because 
the decoder has still not completed preparations for issuing the next p-op). If the next cycle following 
some truncation cycle is not another truncation cycle, the p-op tag indicating the oldest unfinished 
may be the same as the cycle preceding the truncation cycle or has a number of tags advanced until 
the return of truncated tag. Li this final case, all precedent (old) p-ops withdraw after the truncation 
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and then, of course, all young unfinished p-ops are generated at a time in which they do not further 
exist . 

Tag issuance 

The following explanation relates to p-op tags, an outline of what they are and how the DEC 12 
issues them. All tags are issued from the DEC as a part of all issued p-ops. Each tag is used by 
functional units for attaching the tags to addresses and data correlating to each p-op. If up to seven 
unfinished p-ops are allowed, at least 3 -bit tags are necessary. This is further expanded to 4 bits by 
using one superior bit to simplify the comparison of p-op tags for relative ages. As explained below, 
if the tags are allocated, a comparison with 4-bit two complementary signs indicates the relative ages 
of two tags. Attention should be paid to the fact that only the least significant bits are necessary to 
clearly identify the p-ops. 

Regarding the order of macro-instructions, all p-ops obtained from these instructions are issued in 
order and the tags are also allocated in order. All the 1 6 tag values are considered to be effective, 
and the tag order are defined as [next tag]: = (T existent tagj + 1 ) modulo 1 6. Accordingly, the 
above comparison on relative age is operated. 

In instruction processing free of truncation, the above explanation is applied as it is. If the return 
truncation generates until a tag = i and the CPU state rolls back until immediately before the p-ops, 
the tag allocation is also returned to tag = i and reset. In order to continuously ensure the reliability of 
the relative age comparison, the DEC must issue new p-ops starting at tag = i from this time. Tags of 
the truncated p-ops are again effectively issued to the new p-ops. For example, this means that the 
truncation returned to a point earlier than the precedent truncation presents an effect which asks "does 
only the second truncation occur?" 

More generally, a set of scenarios which are not presumably constrained in connection with 
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truncation cycles and p-op tag issuance can occur. For example, if p-ops (3 - 7) are unfinished, they 
are truncated until the p-op (5) and a tag 5-8 is issued, truncated until the p-op (6), truncated until a 
p-op (4), tags 4 - 5 are issued, truncated until the p-op (3), and more p-ops are issued, etc. This 
scenario perhaps is possible or not possible by depending upon the operation of the CPU and the 
functional behavior of the DEC, but the main point is the relation between the issuance of tags and 
truncations. As explained in the previous paragraph, the functional units should quickly become 
empty in the truncations, and return to a normal operational state, forgetting the truncations. 

Withdrawal of p-ops 

If the p-ops are processed by the functional units, notice of end is sent to the DEC via the end bus of 
the units, and the end of p-ops by the functional units is indicated. These are monitored and tracked 
by the back end to control a time of withdrawal of p-ops. There are special internal reasons why the 
back end delays the withdrawal of some p-ops, but there generally exist two issuances dominating the 
time of the withdrawal of the p-ops. In other words, they guarantee the appropriate CPU behavior in 
a normal environment and guarantee the appropriate truncation possibility of macro-instructions (and 
special sequences). 

The most fundamental p-op cannot be withdrawn until all functional units provide notification of the 
(generally normal) end of the p-op. If the decoder of DEC issues some p-op, information on the type 
of p-op is also transferred to the back end. This includes functional units in which the p-op is probably 
processed and therefore the end is expected, after the end of the p-op. Based on this information, the 
back end withdraws the p-op as quickly as possible with other constraints as states. 

In case of a single and then a short p-op sequence macro-instruction, if a trouble exception is detected 
in the p-op, the DEC must treat the truncations of all instructions (i. e., all their p-ops). This requires 
that the back end not withdraw any p-ops until all of them have been completed (at the normal end). 
If the p-ops are successfully completed, all of them are simultaneously withdrawn. 
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In the case of p-ops approaching to the maximum limit of 7 unfinished p-ops, notification should be 
provided that this approach to instruction truncations is undesirable. For example, if an instruction is 
a 7 p-op sequence, after the 7th p-op is issued, the DEC is effectively at rest while all of the 7 p-ops 
are completed before more p-ops are issued. In the case of a p-op sequence longer than 7 p-ops, an 
approach different in supporting an appropriate instruction truncations is absolutely necessary. 

In some cases, processing can be accomplished via combinations which enable actually generating 
some memory writes by instructions. In some cases, it is also possible or acceptable to carry out 
inspections for detecting special troubles, which are not inspected until one of the p-ops, after the 
sequence if the inspection is not carried out, by using one or more special p-ops at the beginning of 
the p-op sequence. The present invention adds the inspections carried out by the first p-op (etc.) of the 
actual p-op sequence among the special up front inspections, but only one of the early p-ops can bring 
about the instruction truncations and ensure the trouble free execution of all later p-ops. 

If approaches supporting the instruction truncations are used, only early p-ops should be used as they 
are unfinished until all p-ops are successfully completed. Specifically, it is indicated that only the first 
of many p-ops of the sequences should be processed by the DEC (i. e., back end) in these sequences, 
and remaining p-ops are not so constrained. Information in this regard is transferred from the decoder 
to the back end within the DEC each time each p-op is issued. In the case of many combinations of 
special up front p-ops and the first p-op of actual sequences sufficient for catching all special troubles, 
if these early p-ops are respectively completed, they can be immediately withdrawn. However, they 
may be accepted if the special p-ops do not exert a significant influence on the back-out of 
instructions (i.e., they do not change the programmer visible state). 

In a final general examination on withdrawal of the p-ops, even though all p-ops of some sequence of 
some macro-instruction have been completed, if an early p-op has still not been completed, the 
completed late p-ops cannot be withdrawn. This essentially is another measure for seeing that the 
p-ops must be with-drawn in order. However, if an old p-op is completed and can be withdrawn, both 
the p-op and these late p-ops are simultaneously withdrawn. Fig. 7 shows the sequence of tag 
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issuance and end. Four points A, B, C, D are shown in the sequence, and the boundaries of 4 spaces 
are restricted. Fig. 4(A), (B) and Fig. 7(A), (B) show information stored in the registers of the tracking 
logic 160 and the truncation logic 170 at sequence points A - D, respectively. A single p-op or a 
group of p-ops are assigned as belonging to a truncation group. The truncation group comprises one 
or more p-ops which must have been totally completed to complete any p-ops. Li other words, if one 
of p-ops in the truncation group needs to be truncated, all p-ops in the truncation group must be 
truncated. 

P-ops (3, 4, 5) are issued in the first spacing, and p-ops (4, 5) belong to a truncation group (AG). Fig. 
6(A) shows the information in tracks in the truncation logic register. Specifically, a p-op is issued, the 
p-op information is stored in a position corresponding to a tag number, a state register for the p-ops (3, 
4, 5) is set up, and the p-ops are assigned as having been issued. It is indicated that truncation bits for 
the p-ops (3, 5) are set up, and the p-ops (4, 5) belonging to a truncation group p-op (3) represents the 
only number of some truncation group. 

A p-op (6) is issued in the second spacing and notification is given of the normal end of p-op (3). As 
is evident in from Fig. 6(B), state bits for the p-op (6) are set in a state register 190(6), AP end bits for 
p-op (3) are set in an end register 192(3) and then written in a end memory register 198(3). 

P-ops (7, 8, 9) are issued in the third spacing, and p-ops (7, 8) belong to some truncation group. In this 
spacing, IEU indicates that the p-op (3) has been normally completed, AP indicates that the p-op (4) 
has been normally completed and then indicates that the p-op (6) has been normally completed. Fig. 
7(A) shows that state bits for the p-ops (7, 8, 9) are set in state registers 190(7), 190(0), 190(1), DEU 
end bits are set in end register 192(3) and 190(6), and AP end bits are set in end register 192(4). The 
corresponding normal ends are written in end memory registers 198(3), 198(6) and 198(4). Attention 

should be given to the fact that the p-op (3) may be withdrawn, and the state bits in the state register 
190(6) are cancelled. 
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In the fourth spacing, there exist 7 unfinished p-ops being the maximum allowed as unfinished, 
therefore additional p-ops are not issued. In this spacing, AP indicates that the p-ops (5, 6, 7) are 
normally completed, and IEU indicates that the p-ops (4, 5, 6) are normally completed. However, the 
next AP indicates that the p-op (7) has been abnormally (e. g., page trouble) completed, and 
subsequently the IEU indicates that the p-op (7) has been normally completed. As a result, p-ops (4, 
5, 6) may be withdrawn, and they are not indicated as the oldest unfinished p-ops. However, p-op (8) 
has been abnormally completed, therefore the p-op (7), as one member of a truncation group of p-op 
(8) and a p-op (9) issued after the p-op (8), must also be truncated. Accordingly, the truncation logic 
170 issues an ATag on the tag state bus of 7 and gives notice to the functional units that the functional 
units (AP and IEU in this case) must be returned so that the p-ops (7, 8, 9) are not issued. 

P-Op issuance constraints 

The back end tracks unfinished p-ops and the p-op end of each functional unit, and the holding state 
logic 165 in the back end also controls the issuance of additional p-ops by using the state of 
unfinished p-ops. In order to ensure right comprehensive actions of CPU and actions of specific 
blocks of logic in specific functional units (specifically DEC, AP and NP), the back end continuously 
imposes various constraints on the maximum of unfinished p-ops of various types. If it reaches a limit 
imposed by these constraints in terms of actions, the back end sends holding state signals the decoder 
to control whether a p-op issued in the next cycle is delayed or not 

The back end produces nearly a half dozen of holding state signals and send them to the decoder to 
potentially delay the next p-op. The decoder use these signals and generates actual p-op 
decoder/issuance holding based on whether existent decoded/assembled p-op and notified holding 
states are applied or not Each holding state corresponds to one or more (analogous) constraints. If 
there are any constraints, if the back end determines that the unfinished p-ops are the maximum, and 
one of these p-ops is about to be completed, it generates corresponding holding states. 

In case of many constraints, it is ensured that the correlation type oldest unfinished p-ops are 
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completed first p-op. In the case of some constraints, the holding states are not simply based on all 
unfinished (i. e., not withdrawn) p-ops but based on unfinished and not completed p-ops. If some p-op 
completely ends, the p-op is independent of some constraints accompanied with earliest specific 
hardware of the functional units even if it remains unfinished over several cycles forward. 

The back end is one of major generators presenting holding states to the decoder, but several sources 
of holding states exist elsewhere. It provides notification of a limitation of whether such holding 
states are applied or not applied to the issuance of an existing p-op. To completely generalize this for 
the p-op issuance control, the pseudo-op bus is said to be driven by either an effective p-op or an 
empty p-op (mostly with the truncation action) in each clock cycle. From the viewpoint of decoder, 
a decoder always issues an effective p-op so long as any of the followings does not occur. 

1 ) truncation priority from the back end, 

2) holding from the back end, 

3) holding from BPC, 

4) holding from VIB (virtual instruction buffer), 

5) decoding with prefix alone, and 

6) sending of second half of two cycles 

Of course, 5) and 6) are produced by the decoder, and 4) and 5) are applicable only to the first p-ops 
of a macro-instruction sequence. 

"Holding from BPC occurs when the decoder locates an instruction ("transfer of controlj which 
decodes the next macro-instruction and which can be cached in the BPC. The decoder must attempt 
BPC access on the prediction information of some entry (target flow of a paired entry) for such an 
instruction. The BPC access to the transfer instruction of control generates and decodes the 
instructions. If the decoder cannot use the BPC access cycle, BPC holding is produced. If the access 
to BPC about the prediction information can be used and a miss occurs, the decoder can carry it out 
even if the BPC target flow access cannot be used. If bits generate and an access too both parts of 
BPC is unavailable, BPC holding is produced. If this is not the case, the decoder can carry it out by 
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using the prediction information, while the target flow of BPC entry is dumped into a new queue 
allocated by the transfer control instruction. 

"Holding from VLB" occurs when the decoder decodes the next macro-instruction but does not 
receive all the necessary instruction bits (for the instruction length). The decoder which accomplished 
the transfer must detect that effective prefix bytes has at least effective operation code bytes or the 
VIB holding must be enforced. If mod r/m bytes are necessary even if based on pre-decoding of the 
operation code bytes, they are also presented or the VIB holding must be enforced anew. Moreover, 
if s-i-b bytes are necessary even if based on pre-decoding of mod r/m bytes, the same applies to the 
s-i-b bytes. If these bytes are to be effective, final instruction bytes (actual VLB words containing 
them) are examined (and all intermediate bytes are also suggestively examined), and if they are not 
effective (i. e., "bad" or "empty"), VIB holding is produced. 

"Decoding with a prefix alone" occurs when the decoder decodes the next macro-instruction, but only 
prefix have been decoded to that point, so two prefixes are further decoded. A case of one prefix and 
a second empty byte is treated as "holding from VLB" until the second byte becomes not empty or the 
first prefix byte is consumed and treated as decoding with a prefix alone in which the VIB is 
advanced. 

The "sending of second half of" occurs when the first cycle of p-op of two cycles is about to be issued. 
In this cycle, a special empty p-op is sent with an additional p-op information, and the deco-ding and 
formation of the next p-op are delayed. 

"Holding from the back end" occurs if the decoder understands that it is not safe to immediately issue 
a p-op based on a signal of back end because of the type of issued p-op. All constraints of unfinished 
p-ops enforced by the back end are listed below. 

1) totally 7 p-ops 
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2) 2 transfer control p-ops 

3) one truncation group in a single stepping mode, 

4) two p-ops accompanied with the re-allocation of segment registers, and 

5) 0 further first p-ops after the rest of DEC. 

The maximum of totally 7 unfinished p-ops are applied to all non-withdrawn p-ops. Generally, 
therefore the p-ops are not completed in order in the case of these constraints. However, the p-ops can 
be withdrawn in order only by the back end. 

Although the maximum two unfinished transfer control p-ops are applied to all of the p-ops, this 
constraint is actually applied to a transfer macro-instruction of control and first p-ops of their p-op 
sequence. In the case of this constraint, the transfer control p-ops are emphasized when they are 
unfinished and not completed. Whether the p-ops have been completed but are still not withdrawn, is 
not important in connection with this constraint. When a mutual instruction incorporation page 
request is produced, even if two transfer control p-ops are not unfinished, the back end provides 
notification of the holding state depending upon how they are processed. However, when all 
unfinished instruction incorporation double-length words exist on an older sequential instruction 
stream, the impact on this constraint does not exist. Attention should be given to the fact that the BEU 
requires that the transfer control p-ops (p-ops containing DEU) be completed in order. 

If p-op single stepping is made possible (according to the purpose a hardware device), p-ops of a 
truncation group are issued one at a time, and completed and withdrawn before the next group is 
issued. 

Because of a re-allocation scheme used for segment registers, there exist only two unfinished p-ops 
containing the segment register re-allocation for data segment registers (i. e., DS, ES, FS, GS). This 
constraint does not apply to p-ops exclusive for segment register read-out and stored in both or either 
of the CS or SS. Its purpose is to ensure that the possibility of truncation is transferred to any and all 
of the segment registers storing the p-ops. Because the AP rest behavior has already been applied to 
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CS/SS memory pops, it is unnecessary to include memory into CS and SS. 

If the DEC rest p-op is issued, the decoder can continue to further issue p-ops in order, but the 
deco-ding of the next macro-instruction must be delayed until some renewed control bit information 
is received from the AP by the back end. The control bits comprise various bits of Eflags which affect 
the macro-instruction decoding of the decoder and the p-op aeembly process. A p-op which causes a 
change in one or more Eflag bits on which the decoder depends must be treated as a DEC rest p-op. 
Thereby, a DEC copy of these bits is renewed before more decoding of macro-instruction occurs. The 
back end produces holding states to prohibit more macro-instruction decoding and the issuance of a 
first p-op. 

All decoder holding states except for truncation invalidity are determined sufficiently earlier to 
enable determination of the next operating state of a decoder until a time at which the decoder must 
start the next decoding cycle (namely, controls are prepared, and access to a new active queue is 
obtained to generate new VIB contents and then is not delayed in performing pre-decoding to 
advance the existent active instruction queue). Since a p-op produced by the decoder is destroyed and 
substituted by an empty p-op, truncation invalidity is subsequently produced or may even not need to 
be produced. At the same time, the p-op is jammed into a new p-op sequence which should be 
produced by the decoder and vectorized by the back end. (note: one or more of jam and vector types 
exist for timing and vector address) 

As described above, in the case of normal states notified by various units (inside DEC), the decoder 
does not dialog with actual holding signals from the functions, and the decoder does not receive these 
signals. Instead, units send the holding state signals which are combined (logically multiplied) with 
state signals communicating the type of p-op in the production. These signals are combined (logically 
added) with additional holding signals produced by the decoder to generate comprehensive decoder 
holding signals. This not only controls the p-op issuance and decoder state sequencing, but also sends 
them to other units and exerts an influence on the decoder state sequencing by the dialog with the 
decoder only. 
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Functional unit rest 



When the functional units process o-ops, they must truncate changes relative to the programmer 
visible state and coirelated state or ensure a back-out capacity. They include all commonly changed 
property critical states, general-purpose registers, fixed decimal point registers, and almost all 
segment registers, PC, and state flags. Other states, i.e., a special state without changes is rarely 
returned via a history stack or by using register re-allocation. Instead, these state are processed by 
limiting the time in which they can be changed with dominating (one or plural) functional units. 

Essentially, in the case of arbitrary special registers, (one or plural) owners delay the performance of 
changes until the correlated p-op becomes the oldest unfinished pops. If so, the possibility of 
truncating p-op disappears because of another (earlier) p-op. Moreover, the reason this p-op which 
brings about this truncation can be considered as a cause should be examined. This is considered safe 
. for performing changes (if the dominating/changing functional units detect a reason for the back-out 
of p-op, it must be do so even there is no any necessity so that the changes can be cancelled). 

If some p-op is added to the AP and processed by other functional units, only the dominating 
functional units can give notice of abnormal end. All of the p-ops are limited and written so that other 
functional units can always provide notification of normal end. If two functional units dominate 
special registers together, they change their own copies, respectively, and the two units will probably 
always provide notification of a normal end for the p-op. 

In any case, only functional units depending upon a special state changed by some p-op are given a 
rest. All other functional units processing the p-op behave normally. Essentially, the rest of some p-op 
occurs only on a localized basis and in a necessary place. As many CPUs as possible continue normal 
processing, and only p-op processing made by (one or plural) rest functional units are mostly 
decelerated. 
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Most special registers are dominated only by the AP, and almost all rest p-ops require a rest caused 
only by the AP. Many of them are p-ops of the AP alone, while the remainder are AP/DEU p-ops. A 
rest caused by an NP (all of the AP/NP p-ops) is due to changes to the three control registers by which 
it is processed. In case of a dual function unit rest, they are limited only to the existent AP and IEU. 
This occurs when some p-op change the direction flags of theEflag register. Since both AP and IEU 
maintain the latest copies, AP and IEU are parallel and perform an independent rest 
Even if some functional unit rests in processing an arbitrary p-op, this does not necessarily mean that 
the unit rests immediately prior to processing the p-op. Particularly, if the AP rests, a part of the 
processing of the p-op can be performed prior to the rest. That necessary for the AP is only the rest at 
the point of changing a special register. If the rest is completed, the AP change to continue the 
processing. 

The DEC can also perform a rest, but it is only slightly similar to the rest performed by other 
functional units. Following the issuance of DEC rest p-op, the DEC delays the assembly and issuance 
of some p-ops. This delay occurs until the DEC receives Tcontrol bit renewal J from AP. For a further 
explanation of the DEC rest, please see the preceeding paragraph. 

In the case of a DEC rest, DEC copies of some special control bits are renewed in a manner similar 
to another case of receiving the control bits renewal from AP by DEC. This occurs with a change of 
one's own copy of the control bits made by AP. The copy held by DEC is not found as a master copy 
owned by DEC, but is found as a secondary copy maintained in the DEC by the AP. The DEC does 
not have the capacity of backing out the renewal for these bits. However, this not becomes a problem 
because the AP also has to change the master copy of these bits and does not send the control bit 
renewal before changing their own copy. The AP is required to rest, therefore the renewal of the 
control bit copy of the DEC is effectively delayed by AP until the correlated p-op becomes the oldest 
unfinished one. 



Abnormal end processing 
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As described above, the back end monitors the end of p-ops of the functions and accumulates the state 
of all pending p-ops. The back end controls the withdrawal of p-ops (generally for abnormal end after 
a normal end is made by all correlated units) based on this information and exerts an influence when 
new p-ops are issued by the decoder. If the p-ops are completed and one or more abnormal ends are 
received, the back end assumes the responsibility for an appropriate response and then starts it at an 
appropriate time. 

If the back end receives ends, including abnormal end, of given p-ops, it generally accumulates the 
ends until all of predicted ends are received. If an abnormal end exists, the back end does allow its 
p-op to withdraw. At this time, the back end starts an appropriate response. If plural abnormal ends 
exist, the back end takes preference and selects a response to the abnormal ends. Both sides of the 
abnormal ends are explained below. 

Waiting prior to starting is carried out to minimize the complexity in design for processing in case 
dialogs produce abnormal end responses nested/replaced by earlier/old p-op abnormal end responses 
(detected and started afterward). If only a case of abnormal end bringing about a special start is so 
processed, a significant penalty is not imposed on the properties by twaiting. 

A specific response started by the back end depends upon whether the abnormal end and old p-ops are 
determined or not. This is not clearly dependent on the p-op, and particularly is not clearly dependent 
on the operation codes of the p-op. The response often sends a truncation cycle with an appropriate 
flag (it unnecessarily needs to be a tag of an abnormal end p-op). In the truncation cycle or a cycle in 
which an empty is issued without coexistent truncation, the back end jams and vectorizes the decoder 
into a state in which the decoder continues decoding, along with operations for issuing a p-op. When 
special processing must be started, the decoder is vectorized in an appropriate p-op sequence 
assembling and issuing before it returns to the macro-instruction processing. The abnormally 
completed p-op may be contained in the truncation or withdrawn to be like normal depending upon 
the type of starting the exception. 
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In almost all cases in which the responding abnormal ends do not bring about special processing, if a 
p-op completely ends, a prompt response is started. In case of only small special abnormal ends, a 
response occurs immediately after the ends are received by the back end. These ends are not 
considered to be normal ends, but are helpful in case of more than that These ends are not true ends 
because subsequent ends are predicted and the production of special abnormal ends are requested 
from functional units. 

Responses to these cases are similar to aforesaid responses including the start of special processing 
and have a possibility of not only vectorizing to some appropriate p-op sequence and instead, 
returning to macro-instruction and vectorizing it. In other words, late p-ops in the p-op sequence are 
truncated, and the decoder continues decoding a macro-instruction flow from the next instruction 
(from an existent instruction queue or a different instruction queue). When few abnormal ends exist, 
it brings about both or either of a case where responses do not directly affect the decoder or a case 
where other operations are started inside the DEC. 

IEU end bus 

Table 5 shows the format of a 5-bit IEU end bus. This bus uses a standard CMOS style time-sharing 
I/O and provides notification of a normal complation of p-ops and two types of abnormal ends 
(special and mis-prediction branch direction). The bus feeds a 3-bit p-op tag and a 2-bit end Id to (j)2. 
Because of the timing of the DEC decoder and p-op assembly pipelines, if the DEU end codes and 
correlated p-op tags are sent to (|)2 - (j>l (i. e., 1 phase earlier) by time sharing, the DEC can 
immediately respond in a truncation cycle followed by a correct next p-op (from a correct next 
macro-instruction or from an appropriate special processing p-op sequence). 

Generally, the IEU can end p-ops out of order (to numbers of issuance made by DEC) and probably 
ends them in such a way. There are some special-cases, e.g., the relative serialization between two 
p-ops of same type must be maintained by IEU as long as the p-ops relate to the processing/execution 
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order. Generally, the execution order in these cases is decisive but the end order is not For transfer 
p-ops of control in which IEU only locates (near) control transfer p-ops with states, to end in relative 
serial order is required by the IEU. If viewed from the DEC, it is absolutely unnecessary to process 
these p-ops in order. 

With the IEU processing the p-ops, there are two cases of when they can be completed. 1 ) When a 
DXBus transfer is not required after the p-ops are executed, the p-op can be completed if the correct 
end is known. 2) When the p-op requires such a transfer after execution, the p-op can be completed if 
it is known that the transfer occurs or it is known that the transfer actually occurs. In both cases, the 
end can occur after these times. In other words, in case of 1), the p-op can be completed in the ALU 
action if the end is unstateally normal, or the p-op can be completed immediately after the ALU 
action are completed if the end depends upon the ALU action. In case of 2), the p-op can be 
completed if it is known that the IEU wins over a DXBus mediation relating to the transfer. 

The following real end behaviors of IEU are predicted now based on common IEU pipelines, out-put 
queue timing and instruction, and timing of DEUTerm (i. e., (j>2 - <j>l ). In the case of p-ops for which 
the results needs not to be transferred via the DXBus, the end is started in an ALU action cycle. In the 
case of almost all p-ops, it is an unstateally normal end, and a correct end of the transfer control p-ops 
is determined in the first part of the ALU cycle (also applied to an INTO instruction p-op). 
Sometimes, this end which cannot go out to end buses is waited for and notification is subsequently 
provided to the DEC (most immediately). 

In the case of p-ops for which the results needs to be transferred to the DXBus, the end is started in a 
transfer cycle. In this case, if the end cannot go out immediately, it is also waited for and sent 
afterward. 

In the case of p-ops relating to BOUND and REPed column macro-instructions capable of causing an 
abnormal end and which are dependent on the ALU action, which belongs the above 1), the above 
timing of case 1) does not operate. In these cases, the p-ops are treated so that the results must be 
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delivered on the DXBus anyway. 

There are two reasons why the end is produced out of order. First, the BEU selects 
processing/execution p-ops out of order. Secondly, the IEU can end the p-ops further out of order in 
the execution order. If outlined, the BEU immediately ends in the case of p-ops, and 2) the IEU must 
first go forward onto the DXBus (because it mostly waits in a data output queue of the BEU in such a 
way). In the latter case, the p-ops end if they actually go forward onto the DXBus. In addition, if they 
exceed 1) and 2) ends temporarily, there is also a possibility of notifying some high superior order 
end (e. g., transfer end of control) before the waited end. (Of course, the relative serialization of 
transfer control p-ops must be ensured). 

In any case, the BEU must complete processing before the IEU ends the p-ops independent of the 
transfer end of control. This includes p-ops which bring about the register renewal from the AP to the 
BEU or simply transfer memory operands to the registers. For the both types of p-ops, transmission 
operands must be received before they are completed. If they are explained in contrast to the behavior 
of the AP, in the case of various transfers and register renewals, the AP can be completed before 
receiving, which is effective register renewal (even if the results of combined registers perhaps is 
needed). 

After the IEU responds to an abnormality detected in processing a p-op and provides notification of 
a abnormal end, it continues the processing of other p-ops. The BEU stops the processing of p-ops and 
waits for a response which should come to an abnormal end in some sense. 
IEU end 

An end shown in Table 5 is described below. 

When a real end to be known does not exists, the end is not notified. End buses are effective in all 
clock cycles, and any bus must be always be indicated. 
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If an abnormality is not detected in processing some p-op, notification is give of a normal end. When 
a predicted branch direction is not right, the mis-prediction branch direction end must be notified 
regarding the transfer p-ops control (there must be near-control transfer with states). This is a 
substitute for a normal end in case of correctly predicted branch direction). 

Abnormal ends are due to special reasons and are used for notifying exceptions defined by 
corresponding architectures, respectively. A division error is used on p-ops attaching a note with 
EUabort in p-op sequences of DIV and IDIV macro-instructions. A constrained inspection and an 
INTO overflow are used on EUabort p-ops of BOUND and INTO macro-instructions. An REP'ed 
instruction repetition stop end is notified regarding p-ops attaching a note with p-ops of a p-op 
sequence of REP'ed column macro-instructions, i. e., EUabort p-ops. If a test performed by the p-op 
indicates that the repetition of column macro-instructions should be stopped, notification is made of 
this instead of the normal end. Even if a p-op test indicates that the repetition of column 
macro-instructions should not be started (i.e., performance of repetition), this is applied. If an 
exception is detected under these states, notification is give of a normal end. 

There is no possibility that the IEU detects multiple abnormalities in one p-op, therefore a relative 
priority order is not issued between IEU abnormal ends, but a priority order is issued to the end of 
other functional units. Since only one type of exception for a given p-op type in EEU can exist, the 
DEC truncation logic can uniquely identify a special type based on the p-op. The IEU abnormal ends 
are grouped in several groups based on the superior order recognized by DEC for AP and NP 

abnormal ends. Almost all abnormal ends are grouped in intermediate superior order groups while the 
REP stop ends have low superior order. 

A mis-prediction branch direction end is special in that it does not have a specific superior order fixed 
to all AP ends. Instead, an execution branch direction (predicted direction and lightness of prediction) 
combined with AP ends determines actions started by the DEC back end. 
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AP end bus 



Table 6 shows the format of an AP end bus 60. This bus uses a standard CMOS style time-sharing I/O 
and provides notification of a normal end and various abnormal ends of p-ops. 

If an AP end code is sent by 1 phase earlier ($2 - (J>1) time sharing, the DEC can immediately respond 
in a truncation cycle followed by a correct next p-op (from the next macro-instruction, or from an 
appropriate special processing or another p-op sequence) because of the timing and p-op assembly 
pipelines of a DEC decoder. When the coding of end codes is important, the DEC can provide an 
ideal response time for the DEC, issues or truncates other o-ops or issues the correct next p-op. In 
other special cases, an effective special cycle exists in the response time. Namely, one cycle generates 
before the truncation cycle, and the correct next p-op follows the next cycle. 

This special cycle for processing almost all abnormal ends is distributed among the back ends of the 
DEC to find which occurs or how it does, the decoder of DEC is jammed and vectorized and the 
decoding of the correct next p-op is started. In the case of a quick end, the back ends have restricted 
processing states. To support this quick processing can predict p-op tags to which the back end is 
correlated to the next end because the AP always end the p-ops in order. 



The quick end is designed for the normal end of some p-op and such a state of control bit renewal 
(from AP to DEC) also indicating both or either of any selectively mis-predicted addresses and D bits. 
In case of the normal end, the back end having p-op tags and information on type of p-op under 
control must reflect this end in a holding state signal in the decoder and branch control logic. In case 
of the control bit renewal accompanied by both or either of any selectively mis-predicted address and 
D bits, the end buses enable to feed a renewal value for the control bits and subsequently the decoder 
continues the decoding of a macro-instruction instruction flow. If both or either of mis-predicted 
address and D bits are also indicated, the timing of this end effectively becomes same as all other 
non-quick ends. 
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As described above, the AP must end p-ops in order (to the order of p-ops issued by DEC). This is 
independent of the order that AP processes the p-ops, but there exists a constraint on the order that AP 
can process p-ops for other reasons. In all the cases, a p-op can be completed anytime after it is 
completed. However, somewhat similarly to the state of DEU, there exist two cases of the earliest time 
when the p-ops can be completed. Case 1 is a case where the p-ops do not require DXBus transfer 
after execution, if a correct end is known, the p-op can be completed. In the case 2 where the p-ops 
require such a transfer, if it is known that the transfer occurs, the p-op can be completed. In other 
words, if the reference (relative to abnormal end) and necessary inspection of all sys-tem memories 
are complete, the p-op can be completed. In the case 2, if it is known that the AP is successful in the 
mediation of DXBus or PAdrBus in relation to a transfer and the transfer occurs, the p-op can be 
completed. This includes a case where the reference transfer of the PAdrBus memory address is 
truncated because of TLB miss. This end cannot occur prior to whether the transfer is actually 
completed or not Additional constraints/requirements provided by DEC and specified in some ends 
are described below. 

Attention should be paid to the fact that except for the reception of general-purpose register renewals 
from an DEU, NP or memory, the AP can end a processed p-op before the renewals are received. The 
renewal essentially does not require more processing, and is simply stored into appropriate registers. 
Only the register interlock control may be renewed for communicating it. The AP ensure these 
renewals until a time when the correlated p-op completely ends and therefore before it withdraws. Of 
course, the AP still must properly track the register renewals predicted regarding the occurrence of 
truncation. 

After the AP responds to an abnormality detected in processing some p-op and provides notification 
of an abnormal end, it properly ends the p-op. The AP can further interrupt processing the p-op 
depending upon the end. This behavior occurs after an abnormal end such that the DEC starts special 
processing to respond to it. In all other cases, the AP continues the processing. 

APend 
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The end shown in Table 6 is described below. For all abnormal ends indicating exceptions on p-ops, 
attention should be paid to the fact that bits <3 . . 0> of end Id directly correspond to an interrupt 
number of exception for which a processing should be started. Two exceptions for it are substitution 
Tdecoder and common protectionj trouble code (i. e , 1 1 1 1 010X) used in special cases. An [interrupt 
abnormal endj (code =1111 1 001 ) is also special in that a special processing does not occur and the 
DEC is interrupt instead. 

When a real end to be notified does not exist, the end is not notified. When an abnormal end is not 
detected in processing of some p-op, notification is made of normal end. 

The [control bit renewal J is used with all DEC rest p-ops. They are p-ops directly or indirectly 
affecting all or any of IF, D and B bits (found in Eflags and in various segment descriptors). If the AP 
determines (one or plural) new values of affected (one or plural) bits, this end is used for sending 
renewal values to DEC. 

Attention should be paid to the fact that this is not a true end, particularly, a p-op causing a control bit 
change is not completed. A common p-op end does not require a control bit renewal yet and must 
occur after the control bit renewal. (The control bit renewal itself must follow a precedent p-op). 
Attention should also be paid to the fact that if the control bit renewal is received, the DEC may 
continue a p-op issuance any-time independent of the end of the p-op. With this concept, if new 
values of affected control bits are known in the processing of p-op, the AP immediately sends the 
renewal to the DEC and continues processing the p-op. 

Since the above control bits express programmer visible bits, the AP and DEC must potentially back 

out changes for these bits. When the AP notifies the control bit renewal to avoid it (without giving a 

significant impact on properties) (not later), it changes a master copy of these bits and delays these 

two actions until the p-op becomes the oldest pending p-op. Essentially, the notification of the control 

bit renewal suggests that the AP rest before giving notice of the renewal. 
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The second shape of the control bit renewal is similar to the first shape, but the transfer of renewal 
also indicates both or either of |~mis-predicted address J and D bits. This is used in transfer of control 
bits for which the DEC predicted a target address (and took D bits to be unchanged) . If the (physical) 
target address predicted by DEC for transferring the control p-op is not right (i. e., different from a 
(physical) target address generated by AP), the AP must notifies it and sends renewal values of D bits. 
Of course, the AP must also send an address renewal (i.e., a right target address) to a cache tag. 

The AP sends a right target address through the PAdrBus and carries out everything by giving 
simultaneous notice of the control bit renewal to both or either of the mis-predicted address and D bits. 
The renewal is similar to the above first shape relating to sending the renewed control bit value. 
Moreover, the DEC properly changes some internal state to express the mis-prediction and reopens 
the instruction incorporation and decoder by using the right address and D bits. As described above, 
the DEC ensures that the DEC receives the renewed control bits before the next effective 
macro-instruction can be decoded. 

Unlike the first control bit renewal, this is not a true end, and the transfer control is specifically 
completed. If another abnormality (i. e., exception) is detected, timing is given so that the AP sends 
a right target address to notify a renewal enables to avoid a notification of ["control bit renewal endj. 
Namely, the AP either sends an address to notify a renewal end or provides notification of an 
abnormal end (with an invalid address). 

In the case of a page cross causing an abnormality, the PAdrBus transfer does not occur. This can be 
due to either or both of segment overline (causing common protection trouble) and page trouble. The 
AP provides notification of an abnormal end and indicates that trouble has occurred. If it is truly 
required that an instruction execution intersects the page boundary, special processing is started. If 
viewed from the AP, the processing and end of a page cross request is independent of surrounding 
p-ops. It is of great importance that the DEC properly gives priority to the exception in a page cross 
for the flow of a p-op and p-op exception. 
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The abnormal ends for exceptions provide notification of exceptions defined by corresponding 
architecture. In case of two exceptions (e. g., ("common protectionj troubles), there exist a pair of end 
Ids for notifying the exceptions. One is commonly used, and the other is used in some special 
environments where it is necessary to differentiate abnormal ends caused by functional units (i. e., 
BEU and NP) so long as they have different priority orders. 

Attention should be paid to the fact that some of the abnormal ends are related to specific 
macro-instructions. Specifically, T387 unavailable.! ("invalid operation codej and [common 
protectionj (code = 1111 0100) ends are notified on first p-ops of related p-op sequence. The 
["common protectionj end (code = 1 1 1 1 01 00) and TdebugJ end (code = 1 1 1 1 01 01 for debug trouble) 
are notified on first p-ops of macro-instruction sequence. The TdebugJ end (code =1111 0001 for 
debug trap) are notified on first p-ops of macro-instruction and state switch sequences. 

MCC end bus 

An end bus 65 of MCC 25 is a 1 -bit bus using a standard CMOS style time-sharing I/O. An actual 
signal transfer occurs at the <J)1 - $2 boundary (i. e., the MCC end is a <|>2 transfer). Transfers at other 
phase boundaries are not defined. This bus is used for notifying the end of normal memory write 
directly generated from p-ops. Ends for memory read, system memory reference and other 
refer-ences (e. g., I/O) are not produced. 

The MCC receives memory reference addresses in order (relative to the issuance order of p-ops 
causing the memory reference) from AP. The MCC must end the memory write in this order. 
Therefore, an explicit transfer of p-op tags for notifying the ends is unnecessary. The back end of 
DEC which monitors end buses based on the ordered end of write predicts which p-op tag is 
combined with the next end from the MCC. 
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Notification is provided of the end of memory write when the addresses are received from AP and 
arranged in an appropriate write reservation queue, regardless of when the MCC receives the data and 
when the write issues a queue. The read, change and the write of write operations by p-op are also 
ended. In case of causing a wrong alignment or p-ops greater than 4-bit memory write, the AP must 
produce more than one mis-aligned address. Notification is given of the end of such a p-op write if 
the final address is arranged into to the reservation queue. 

The AP produces a confident end of p-ops causing memory write without sticking to the MCC end of 
the p-ops. This occurs when the AP transfers the final address of one or more words aligned to the 
MCC via PAdrBus. Since the MCC can commonly arrange (one or plural) addresses, the MCC is 
usually unnecessary to indicate reception of the write addresses. However, in such a case that the 
MCC cannot arrange the addresses in an appropriate write reservation queue (because the queue is 
full or the queue is overlapped with a precedent write in one queue), an end with the MCC is 
necessary. In these later cases, the end is delayed to prevent DEC from advancing the p-op issuance. 

If the MCC does have a confident end capable of being delayed, the following can occur. If the AP 
ends a p-op, the DEC firmly believes that the p-op producing the write completes and is safe in a write 
reservation queue. The DEC goes forward to the issuance of 7 or abnormal p-op tags more than tags 
corresponding to these write addresses. Here, the MCC has such problems as the processing of 
truncations, matching of data and addresses, processing of overlapped memory reads as well as 
execution of writes into caches. 

Accordingly, the MCC has a capacity of delaying the arrangement of addresses having an overlap 
problem in a queue (of course, AP also has a capacity of delaying to send more addresses). The 
addresses are delayed by MCC while the end of write with MCC is also delayed (then it is the final 
address of one p-ops write). The MCC provides notification of the end simultaneously by finally 
arranging the addresses in an appropriate queue. 
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All predicted functional units except for MCC completely end a p-op whose end from MMC is 
predicted, meanwhile the DEC continuously considers the p-op to be unfinished. Essentially, the 
DEC treats the MCC end of the p-op on similar terms as the end of other functional units so long as 
a time that the p-op can be withdrawn is related. 

As long as relating to the notification of a normal end of an MCC alone, a direct dialog with abnormal 
ends provided by other functional units (AP, IEU, NP) does not exist Even a p-op whose end from 
the MMC is predicted cannot necessarily be completed indirectly by the MCC. When the AP 
abnormally ends a p-op and does not (probably cannot) produce all of the addresses of correlated 
memory write, the DEC behaves properly. Namely, the DEC reorganizes these cases, does not delay 
processing abnormal ends of an MCC, and then continues to properly track the p-op tags of pending 
memory write. 

There is also a special state in which the AP normally ends a p-op but does not produce a 
corresponding memory write. In these cases, the AP indicates to DEC that ("normal end but no writej 
is notified and the write is not issued. 

NP end bus 

In summary, the NP end is a 2-bit bus (on the premise that p-ops are completed in order) and provides 
notification of an exception of floating decimal point match. A logic for containing optionally 
selected NP in CPU is provided, but a detailed explanation is omitted. 

Register re-allocation 

As described above, a mechanism used for returning the state of the CPU to a necessary phase for 
outflowing instructions is the register re-allocation. This technique is inevitably associated by 
mapping an assembly of physical registers greater than an assembly of programmer visible (i. e., 
virtual) registers. The number of physical registers exceeds the number of virtual registers by the 
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maximum of p-ops capable of at least permitting it to be pending and changing the registers. This 
technique is applied to both general-purpose register files and segment register files. 

A specific macro-instruction architecture (80386) provides 8 virtual general-purpose registers under 
the name of VRO - VR7 and 6 segment registers. As described above, at most 7 p-ops in total and at 
most two p-ops with changed segment registers are allowed to be pending. In harmony with it, the AP 
15 contains an assembly of 1 5 physical general-purpose registers under the name of PR1 - PR1 5 
(wrong names FR 1 -FR15 in original document, translator) and 8 physical segment registers while 
an EEU 17 contains 1 5 physical general-purpose registers. The physical register PRO exists in IEU 
but is used for other purposes. 

Fig. 5 is a schematic chart for mapping from the virtual registers VRO - VR7 and physical registers 
PR1 - PR1 5. The physical registers have corresponding effective bits schematically shown by "V". 
These effective bits are used by functional units as follows. To support the general -purpose register 
re-allocation, a back end register re-allocation logic 175 maintains a pointer assembly array 177 and 
the free list array 178. The pointer assembly array and the free list array provide 8 lists of storage, 
respectively, and each of these lists has a 3-bit index corresponding to the least significant 3 bits of 
unfinished p-op tags. Each pointer assembly and each the free list are expressed by a column in the 
chart, respectively. 

The pointer assembly and the free list for given indices maintain a state immediately before the 
issuance of p-ops having tags corresponding to the indicies. The pointer assembly and the free list 
contain 8 entries corresponding to the virtual registers VRO - VR7, each entry contains a pointer 
designating one of physical registers. The free list contains 7 entries including pointers which 
designates physical register not designated by one member of the pointer assembly. 
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Consider an initial state before the issuance of a p-op with a tag = 0. In this initial state, VRO is 
mapped in PR8, VR1 in PR7, VR2 in PR6, J , then VR7 in PR1 . The free list contains 7 pointers 
designating the PR9 - PR 1 5, the PR is the head of list and the PR1 5 is the tail of list. This state is 
stored in a column of entries with a tag = 0. 

Consider the following typical series of three p-ops with tags = 0, 1, and 2. 
tag - 0 : VRO = VRO + VR3 
tag = 1 : VR3 = VR3 + VR5 
tag = 2: VR4 = VRO + VR3 

Since the VRO is mapped on the PR8, a p-op(O) cannot change the PR8 until it is established that the 
p-op(O) becomes possible to complete. Accordingly, mapping existing before the start of p-op(O) 
must be changed so that the VRO is mapped on a physical register in the free list. Since the PR9 is the 
head of the free list, the VRO is mapped onto the PR9. Since the PR8 does not stand at the head of the 
free list until 8 p-ops are issued and the p-op(0) is withdrawn, it is arranged at the tail of the free list 
Other items in the free list go forward to the head. Accordingly, an actual p-op issued with the tag = 
0isPR9 = PR8 + PR5. 

The next p-op, i. e., p-op(l) changes the VR3. The VR3 is mapped onto a physical register at the head 
of the free list, i. e., PR1 0 to make the back-out of this p-op possible. The PR5 is arranged at the tail 
of the free list, and the PR1 1 goes forward to the head of the free list. An actual p-op issued with the 
tag=l isPR10 = PR5+PR3. 

The p-op(2) changes the VR4. Accordingly, the VR4 is mapped in the physical register PR1 1 , and the 
VR5 is arranged at the tail of the free list. The PR5 is arranged at the tail of the free list. An actual 
p-op issued with the tag = 2 is PR1 1 = PR9 + PR1 0. 



59 



If a p-op changing a physical register arrives at some functional unit, effective bits of the register are 
cleared (invalidated) and set up (validated) only when the p-op is completed. This is necessary to 
ensure that there exist right data for a late p-op that seems to read a physical register. In the described 
specific examples, the p-op(O) changes PR9, and the p-op(0) changes PR10. Since the p-op(2) 
requires contents of the PR9 and PR1 0, it must have effective source registers (PR9 and PR10) before 
it becomes executable. It occurs only when the p-op(l) and p-op(2) are completed. Attention should 
be paid to the fact that if any p-ops are swept away, the p-op(0) and p-op(l) are not withdrawn 
because the p-op(2) is also swept 

Write queue in data cache subsystem 

Fig. 6 is a block diagram of MCC 25 providing the control of a data cache subsystem. This job 
connects write addresses generated by AP 15 and delivered via the PAdrBus with corresponding data 
generated by any of several chips and delivered via the DXBux 58, byte aligns write data 
(right-justified in a 32-bit double-length word) and byte addresses assigned by AP, inspects the 
memory data dependency on same addresses between write and subsequent read and, if data become 
available, short-circuits them immediately, maintains the compactness of execution (coherence) by a 
write operation until ensuring that p-ops generating the write action ends in success and, if necessary, 
does not change main memory and cache itself to make it possible to truncate the write operation. 

The data cache subsystem handles data operations of three categories. A normal data access is a data 
access assigned by a programmer except for one performed by NP (if any). The other two categories 
are system access and NP access. Data in the categories read from memories must express a write 
made by early p-ops of any category, but writes of different categories can be processed 
non-synchronously. Namely, near writes (to execution order) of different categories do not change 
same address or, if they are carried out, a non-synchronous effect of writes between the categories is 
mild. 
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The MCC 25 contains plural queue structure including a write reservation queue (WRESQ) 300 
combined with a write buffer 302 and a multiplexer 303, a system write queue (S YSWQ) 305 
combined with a system buffer 307, an NP buffer 307, and a write reservation queue (NPWQ) 310. 
The WRESQ 300 plays a role only in a normal data access. It performs all aforesaid functions 
comprising that each write data (may be a single byte, 16-bit word or 32-bit double-length word, but 
always right-justified in a single 32-bit double length word from an execution unit to arrive) is aligned 
so that it is indicated by (one or plural) corresponding addresses capable of assigning the alignment in 
a memory on any byte boundary, a memory data dependency on same address between the write of 
any category and subsequent read is inspected. 

The S YSWQ 305 buffers system writes until p-ops generating the system writes end in success and 
they are written into a memory. It provides at most 4 unfinished system writes. System accesses are 
accesses performed by AP to gain accesses on a hidden system structure (page dictionary entries, 
page table entries, segment descriptors and task state segment data). All system writes occur as single 
double-length word read = change = write operations for setting Tgained accessj or fin dialogi Since 
the AP does not perform out of order execution, all system accesses generate in order. More-over, the 
system writes generate from the read = change = write operations, therefore addresses must arrive at 
MCC in front of write data. 

The NPWQ 310 buffers 8 NP write addresses (sufficient for holding the results of two NP p-ops). NP 
data accesses instructed from NP are different from normal data accesses in three main points. 
Namely, a single NP p-op can perform both or either of reading/writing data till 10 bytes, but a 
normal p-op can gain an access to at most 4 byte data. Accordingly, the NP can perform a multiple- 
length word transfer to perform a write operation assigned by a single p-op. Data for the NP p-op 
always arrive at MCC in order (i. e., by same sequence as addresses arrive). 



61 



The WRESQ 300 is the most complicated write queue and performs the p-op end and truncation 
processing described later. The WRESQ comprises complicated data receiving 8 entries and an 
instruction buffer. Each entry contains 4-byte wide data registers which combines a 30-bit wide 
content-addressable memory (CAM) register for double-length word addresses (a double-length 
word is 32-bit data), a numerical comparison logic and a 4-bit exclusive tag CAM containing Tfinal 
bitsj and [released bits J, and a control logic contains effective bits for data bytes and [existent bitsj 
for all data registers. 

The WRESQ receives memory addresses for data access from a FIFO buffer called data physical 
address queue (PAdrQ) (These addresses are buffered by PAdrQ if they arrive from AP). Each 
address is accompanied by a p-op tag generating an address, a 4-bit byte-capable mask indicating 
bytes of double-length words transferred to and/or therefrom and [final bitsj indicating whether the 
addresses are final ones generated by the p-ops. 

Each address received from PAdrQ for write or read = change = write access is associatively 
corn-pared with all addresses already input into WRESQ having an effective bit assembly in any byte 
position indicated by the byte-capable bits accompanied with the address. If any indicating a write 
which already overlaps in WRESQ is found, a processing of new address into WRESQ must be 
contrasted until the overlapping write is written into a memory and removed from WRESQ. 

In this case, MCC must be interrupted until the position is written into the memory and receives many 
addresses by the write queue. This is called pipeline function stop, the MCC enables the address to 
return into PAdrQ in this case, if this structure shows a warning sign of overflow, the MCC locks the 
PAdrBus and obstructs to issue more addresses than AP. If this is not the case, the pipeline function 
stop is not requested, or such a function stop is solved by removing overlapping entries and then the 
new addresses are allocated to positions in WRESQ. 
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The positions in the WRESQ 310 are selected for the allocation of a round robin mode with an 
allocation counter. If the selected position is free, the addresses are copied into an Taddress CAMj, the 
tags and [final bitsj are copied into a Tag CAM, 4 Texistent bitsj and TreleasedJ bits are set to 0, and 
4 reffectivej bits are set in response to the byte-capable bits assigning bytes of written double-length 
words. On the other hand, if the WRESQ position is still not in use when picking it up for 
re-allocation (one or more effective bits are indicated by setting them in that position), the MCC must 
interrupt the receipt of more addresses (functionally stops pipelines) until this position is written into 
a memory. 

In a clock period of writing new entries into WRESQ or thereafter, data are written into a data byte in 
which the effective bits are set up. An execution unit does not guarantee that the AP transmits 
addresses before written data are provided, and also not guarantee that the MCC itself can process the 
addresses in order they arrive. Accordingly, the data probably have sent to MCC already before a 
WRESQ is established. An 8-entry WBuf 302 receives it This WBuf is arranged between DXBus (a 
bus for delivering write data to MCC) and input of WRESQ itself. The data arriving at DXBus are 
identified by type of operation (normal memory write if addressed in WRSEQ) communicating them 
and p-op tags that they generate. 

If the normal memory write data arrive at DXBus, they are stored in 32-bit WBuf addressed by the 
least significant 3 bits of the 4-bit p-op tag. The most significant bits of this p-op tag is stored with an 
entry, and r existent bitsj are set up for the entry (unless Tag CAM bits as described later gene-rate). 
Simultaneously, the tag is searched in the Tag CAM of WRSEQ. If a position (or two adjacent 
positions) for the data are found in WRSEQ containing one position set up by Tfinal bitsj, the data are 
immediately written in the position (or these positions) (the Texistent bitsj of WBuf entry have not set 
up yet in this case). Similarly, if an address set up by the Tfinal bitsj is input into WRSEQ, a WRSEQ 
entry corresponding to the p-op tag generated by the address is questioned, if the TexistentJ bits have 
setup, all the data are copied into the WBuf entry, the WRSEQ fexistentj bits are cleared. 
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According to the aforesaid two mechanisms, when both data and address exist independently of 
which of data or address arrives first or even if they arrive at the same time, both the data and address 
are input into WRSEQ, the TexistentJ bits of WBuf entry for the p-op are cleared, and (one or plural) 
fexistentj bits of (one or plural) WBuf entries are set up. At this time, the WBuf position becomes 
free for reuse. Since the data can arrive out of order to the address, a data register and two 
indepen-dent paths to the fexistentj bits of WBuf are provided so that a processing can generate as 
early as possible. One issued from WBuf can be written in the position, and the address 
corresponding to this position (selected by a round robin counter) is written simultaneously. The 
other directly from a DXBus interface can be written in (one or plural) positions identified by Tag 
CAM. Thereby, they can be written in a new entry in a clock cycle same as a clock cycle in which 
newly arriving data from DXBus in the new entry formerly established relative to newly arriving 
address and data from WBuf. 

The data input into WRESQ passes through a rotator that is byte aligned with the data in a byte 
position same as a byte position probable occupied in memory by the data. Another rotator is 
pro-vided for each of the two data paths into WRESQ. The number of adjacent feffectivej bits having 
a value of 0 by counting it from the least significant byte position of (first) WRESQ entry (of mostly 
two adjacent entries) represents a number of byte position to the left where the data for alignment 
must be rotated before the data write into WRESQ occurs. If the precedent WRESQ position also 
contains an address for same p-op flag, a logic combined with the TefFectiveJ bits is not limited to the 
case, and this data is fed to a barrel shifter by gating [effective J bits of some position. 

If the data is written in some position in WRESQ, it is written in any adjacent positions having same 
tag value (if addressed by Tag CAM) or also in a position adjoining to direction of previous entry 
allocation and invalidated by the [final J bits (if allocated with a new entry and addressed by a 
counter). Since the written data is at most 4-byte wide, a sector is rotated on a byte scale to match the 
data with byte position of one double-length word and then two double-length words are written, and 
all 4 bytes are simultaneously written in appropriate positions for a write operation which is not 
matched by bestriding the boundary of double-length words in a memory. 
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Normal category addresses set up by the TfinalJ bits is abstracted from PAdrQ, the MCC feeds an 
MCC end signal to DEC. These addresses are processed in order (i. e., in order same as p-ops issued 
from DEC and producing the addresses), the DEC knows which p-ops produce normal memory 
addresses, and the DEC can clearly correspond the MCC end to the p-op even if the MCC end does 
not explicitly contains (one or plural) addressed p-op tags. The DEC can guarantee by the end from 
MCC that more than 8 Wbufs are necessary for receiving data from all the p-ops in which the 
WRESQ entries have not established yet in the worst case and that independent data and addresses 
can be properly outflowed in case of truncation. Since DEC does not issue more than 7 p-ops except 
for the oldest p-op which generates a normal address but still not be completed by MCC, this 
guarantee is obtained. 

The address is extracted from PAdrQ and associatively compared (explained in connection with write 
addresses) with all addresses formerly input into WRESQ (and also into other two write queues). As 
described above, the overlapping of arrival write addresses and existent WRESQ entries causes the 
pipeline functional stop until early entries are written into a memory and removed from the write 
queues. However, even if a different part of same double-length words is changed, non-overlapping 
writes can be input into the queues. Addresses for read operation and read = change = write 
operations (address read) are also associatively compared with write queue entries. This comparison 
is performed for each byte which is determined by a logical product of byte -capable bits of read 
address and corresponding bits of queue entry. 

If there is no WRESQ entry addressing a byte assigned by a read address or if [existent] bits of each 
entry (write = queue hit) addressing a byte assigned by a read address are set up, the MCC notifies it 
to a DCI 37 to perform a normal cache search of the address. (Any cache access brings about a 
necessity of a delay in case of cache miss or main memory operation for searching requested data). 

On the other hand, if a read address is hit in one or more write = queues in which TexistentJ bits have 
not set up yet, the processing of address from PAdrQ must be interrupted (pipeline functional stop) 
until data for all these entries are received. If the functional stop is solved and cache data are available, 
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the MCC gates only bits, which do not have TeffectiveJ bits instructed in DCI and set up by the write 
= queue hit, on the DIOBus 57. Other bits selected by the feffectivej bits of all address-hit write = 
queue entries are driven into the write = queues and onto DIOBus by MCC. Accordingly, write data 
which have not been sent to memory can be short-circuited to subsequent reads. Since the second 
write for a byte in which the write becomes unfinished in the write queue is received and the pipelines 
are functionally stopped, more than one entries addressing provided bytes of data cannot exist, but 
several entries feeding different bytes of same double-length word can exist The write = queue 
combines the feffectivej bits from all these entries, selects data and drives them onto DIOBus. 

Similar to other units of CPU, the MCC must track the state of tags fed from DEC via the tag state bus. 
The DEC acquires advices of a p-op tag (OOTag) or a truncation tag (ATag) and transmits one of two 
message type onto the tag state bus in each clock cycle. WRESQ maintains a pointer indicating the 
oldest entry called ["oldest entry pointed (OEP) . Some entry is unqualified as it is to a write into 
memory until it becomes older than OOTag. In each cycle receiving the OOTag, the OOTag is 
compared with tag CAM contents of each write queue entry in which one or more feffectivej bits are 
set up and feffectivej bits are not set up. Tag comparison is performed by subtracting the OOTag 
from 4-bit tag of the entry by use of 4-bit two complementary operations. Since tags are issued by 
binary counting sequences (0000, 0001 , J , 1110, 1111, 0000, J ) and no more than 7 tags are pending 
at a time, the value of OOTag can jump to at most (if the seven pending p-ops withdraw and a new 
p-op is issued in the same cycle) 8 from one cycle to the next cycle. Accordingly, if the value of most 
significant bits of a difference obtained by subtracting the OOTag from the tag of entry is "1", it 
shows that the tag of entry is 1 to p-ops older than OOTag because it is not 8 or more younger than 
OOTag. In this manner, f releasedj bits of the entry are set up for each entry found to be younger than 
OOTag. When the TreleasedJ bits of entry indicated by OEP are set up, their f existentj bits are set up 
and then one or more feffectivej bits are set up, then the entry can be written into both or one of cache 
and main memory only in the case. If a write occurs, theTeffectiveJ bits of entry are cleared, and OEP 
can go forward to the next serial entry in which one or more feffectivej bits (if any) are set up. 



66 



If the DEC provides notification of truncation, the ATag inspect on p-op tag fields in all queues 
containing PAdrQ, WRESQ and other two write queues. This inspection is same as the inspection 
determining a time that an entry can be released, namely, it is performed by subtracting ATag from a 
tag field assigned in the queues. If the tag field of queue entry is greater (older) than ATag, the entry 
is maintained in the queue, if not so, its (one or plural) [effective J bits are cleared. A pointer probably 
must also be adjusted depending upon embodiment of a control logic of queue. In case of WRESQ, if 
an entry is deleted, moved back to an entry in which an allocation pointer is deleted earliest and then 
moved through OEP, the OEP moves to an entry ahead of the allocation pointer. 

Although same inspection is also carried out for other similar structure which is addressed by the 
entry of WBuf and tag value combined with WRESQ, since the address of entry in WBuf is simply 
the inferior bits of the tag and only the most significant bits (MSB) of tag of the entry are stored in the 
entry itself, it is sufficient only by resetting TeffectiveJ bits of all entries having 3 bits greater than or 
equal to inferior 3 bits of ATag and stored MSB equal to MSB of ATag or having addresses smaller 
than inferior 3 bits of ATag and MSB relative to MSB of ATag. 

Similar to all functional units of CPU, the MCC neglects data presented on an internal bus in the 
truncation cycle and, if they are still not appropriate, retransmits the sent data. Accordingly, in some 
single cycle, the MCC (and remains of CPU) reset the data with confidence to a state having a p-op 
which supports a tag greater than or equal to ATag still having no issuance. 

Processing of pseudo Op in DEU 

Fig. 7 is a block diagram of BEU 17. The IEU realizes two data paths, i. e., a single cycle data path 400 
and a multiple cycle data path 405. The single cycle data path executes all interger instructions 
capable of completing one cycle such as addition, subtraction and shift, etc. The multiple cycle data 
path executes all integer p-ops which needs plural cycles such as multiplication, division and ASCII 
and decimal calculation mechanism. The two data paths uses a common register 410 comprising 
physical register mapped with virtual registers as explained on register re-allocation. 
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Each data path contains elements combined with a common bus set 412, and a bus coupler 415 
separates a space between the two data paths. The single cycle data path comprises a general-purpose 
ALU 420, a barrel shifter 422 and a special logic 425 for sign propagation, precedent 0 and 1 
directions, etc. The multiple cycle data path comprises a multiplication-division circuit 430 (8 x 32 
multiplier array) and a circuit 435 for ASCII and decimal number adjustment 

Input p-ops are received from a p-op bus 52 and guided to a p-op queue 450. A multiplexer 452 
selects a p-op executed in the queue, and the executed p-op is communicated to a single cycle con-trol 
logic 455 (realized by PLA). In case of single cycle p-op, the control logic 455 controls the elements 
of single' cycle data path. In case of multiple cycle data path p-op, the control logic 455 controls the 
elements of multiple cycle data path and feed addresses to a macrocode ROM 460. The macrocode 
ROM 460 provides a control of subsequent cycle of p-op with a multiple cycle control logic 462 
(PLA). 

In case of ALU p-ops, the results are stored in the registers, an end is input into an end queue 470, and 
contents of end queue 470 are delivered onto the IEU end bus. In case of memory write, the results is 
directly advanced to the DXBus (the end is input into the end queue in this case) or arranged in a 
DXBus output queue 475 for subsequent output If the bus is available, the end is input into the end 
queue. 

The depth of p-op 450 is 8. The p-op queue has plural read port and one write port. A queue control 
logic 480 controls the queue and functions like FIFO (first-in first-out) but also supports an out of 
order read. The queue control logic indicates whether the queue has an entry. The queue control logic 
also identifies the position of p-op in queue. 

If the p-op queue receives a p-op at the time of empty queue, the p-op is directly decoded to pro-duce 
an appropriate signal. An execution preparatory inspection is carried out when the decoding of p-op is 
in progress. This inspection includes some special execution references such as subordination and 
sequential executions and functional unit serialization. If the p-op fails in the execution preparatory 
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inspection, some or all control signals become disabled. If the p-op is not executed, the p-op is 
arranged in the queue. 

If an entry exists in the queue, the queue functions like FIFO. The first p-op of the queue and the next 
young p-op are read out An execution preparatory logic 482 carries out an inspection on the two 
p-ops. An execution preparatory inspection on the first p-op of queue includes a data operand 
subordination. If the first p-op of queue is qualified for the execution preparatory inspection, the p-op 
is decoded and executed. If the p-op cannot be executed, it is issued for inspection in the next action 
cycle. 

An execution preparatory inspection for the next young p-op in the queue includes a data operand and 
a flag subordination, an interlock for the first p-op of queue and whether the p-op is main body of a 
special execution reference (like sequential execution). For example, whether TeffectiveJ bits are set 
in a source register requested by the p-op or not is inspected. If the first p-op of queue fails in 
execution and if the next young p-op in the queue is qualified for the all of execution preparatory 
inspection, this p-op is decoded and executed. If both the first p-op of queue and the next young p-op 
in the queue can be executed in success, the first of queue is executed. 

The plural read pointers and one write pointer continue to track actions of the queue. If the next young 
p-op is executed, the corresponding real pointers are renewed so that it points to the next entry in the 
queue. If the first p-op of queue is executed, the real pointers are renewed so that the first read pointer 
gets the value of second read pointer and the second read pointer points to the next entry in the queue. 
The write pointer is used to point to the first empty position. All the pointers are compared with 
truncation tags in the truncation cycle, and they are set to appropriate values based on the result 

The queue control logic 480 has state bits for each entry in the queue. The state bits are set to 
"effective" while a new p-op is loaded in the queue. If entries in the p-op queue is swept away in the 
truncation cycle, appropriate state bits are set to "invalid". The p-op identified for execution is 
decoded. If the p-op identified for execution is a single cycle p-op, a control signal for the single cycle 
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data path 400 (register files, ALU, barrel shifter and special logics) is produced by the control 
logic 455. The single cycle p-op is executed in a single clock cycle. The multiple cycle data path 405 
also does not perform any time-related functions. 

If the p-op identified for execution is a multiple cycle p-op, a first state control signal is produced by 
a single cycle control logic. The single cycle control logic also activates the macrocode ROM 460. 
A control signal for residual state is produced from the macrocode ROM and the multiple cycle 
control logic 462. The multiple cycle data path 405 performs operations in this time. Multiple cycle 
actions use the register files from the single cycle data path. 

It is possible to perform simultaneous (parallel) execution of p-ops. If the p-op identified for 
execution is a multiple cycle p-op, considerable performance advantages are obtained by executing 
the next single cycle p-op from the queue. Single cycle p-ops can be executed by using a single cycle 
data path and multiple cycle p-ops can be executed by using a multiple cycle data path. If data on 
multiple cycles or a state flag subordination exists, the single cycle p-op is not executed. In a time that 
source opposition exists between a multiple cycle p-op and a single cycle p-op (in a write into register 
files or in state flag renewal), a single cycle p-op is not executed. 

A multiple cycle control logic has a state mechanism for identifying the state of actions. The integer 
execution unit can take four states, i. e., single cycle, multiple cycle, same time or one of play. Buses 
between the single cycle data path and the multiple cycle data path are cut off by the bus coupler 415 
in simultaneous actions. These buses are usually connected in multiple cycle actions. They make it 
possible to use both or either of data transfer from data files and results from p-op (in front of it for the 
next p-op). 

If some p-op is identified to be executable, the p-op is presented to both or either of the single cycle 
control logic and the multiple cycle control logic. If a functional unit is found in dialog, the p-op is not 
executed. It is notified back to the p-op queue to make preparation for executing the logics. An 
appropriate adjustment is provided to the multiple cycle read pointer. 
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Usually, the p-op queue, queue control logic and execution preparatory logic are tried to maintain the 
issuance of p-op based on data operand interlock and special execution reference. Control logics of 
the functional units in IEU (ALU, barrel shifter, special logics, multiplication-division circuit) solve 
the source opposition of hardware and perform any operations of single cycle, multiple cycle and 
same time. If the source opposition is notified by a signal QNEXT and the p-op 
cannot be executed, a re-issuance is requested by the p-op queue control logic. Flags are tracked by 
using a flag tag 485. 

Conclusion 

The preferable embodiment of the present invention is completely described above, but various 
changes, substitutions and equivalents may also be used. For example, the aforesaid embodiment has 
been realized by using separated chips for each functional unit, but the basic architecture using 
distributed pipeline control is effective and useful likewise in a single chip embodiment Similarly, 
this specific embodiment executes a specific instruction, it is so designed that other embodiments can 
execute other instruction assemblies. 

Moroever, the specific mechanism for communicating tags to functional units (tag state bus with 
OOTag or ATag using coded tags) was described, but there exist other possibilities. One possibility in 
a system capable of making at most n p-ops pending at a time expresses tags as a single set bits in a 
N-bit vector (however, N is greater than or equal to n). These tags are issued in order so that the 
collection of pending p-ops are expressed as adjacent groups (in a circulation sense) of single set bits 
in the N-bit vector. This vector is communicated with the functional units to indicate state. On the 
other hand, a truncation is notified by a similar type of vector. 

Accordingly, the above description and attached drawings do not restrict the scope of the present 
invention limited by the claims. 
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Table l Pseycfo Op Pus Format 



in, First <fr| 



First frj 



flits (single/plural) 
<51..48> 
<47..45> 
<44..41> 
<40..37> 
<36..33> 

<32> 

<31> 
<30..29> 
<28..25> 
<24„21> 

<20> 
<19..17> 
<16..14> 
<13..4> 

<3..0> 



Field 
ScgRcg 

SrcARcg 
IndcxRcg 
EASpcc 
ASize 
TwoCyo 
McmRcf 
SroBRcg 
DcstRcg 
RcgStorc 
OperStze 
OpcrSpcc 
Opcode 
PopTag 



Bits (single/pluraH 
<51..48> 

<47> 

<46> 

<45> 
<44..40> 
<39..32> 
<31..16> 
<15..0> 



Field 
DestSegReg 
LastPop 
(reserved) 

Lock 
StatMod 
Imms 
ImmDispHi 
ImmDispLo 



fa Secopd $\ 



Bits (single/plural) 
<47..14> 
<13..4> 
<3..0> 



Field 
(undefined) 

Opcode 
(undefined) 



Bits (single/plural^ 
<47..32> 
<31.16> 
<15..0> 



In Second d)2 



Eidd 
(undefined) 
ImmHi 
ImmLo 



Table 2 Physical Address Bus Format 



In, First $\ 



In First <J>2 



Bits r sin gle/pluran 
<25> 
<24> 
<23> 

<22> 
<21> 



Field 
DTAGReg 
ITAGReg 
DccRcg 

MCCHLd 
ARReq 



Bits (singlc/plurall 

<25..23> 
<22..20> 
<3..0> 



Field 
Stream 
Operation 
InstrNura (- p-op Tag except for 
Stream 0 



In Second 61 



|n Second $2 



PiM (single/plural) 
<20> 
<19> 
<18..4> 

<3..0> 



Field 
Lok 
Trm 
Physical address 
<16..2> 
Byte selection 



Pfa (single/p)ural) 
<19> 
<18..4> 



Field 
Val 

Physical address 
<31..17> 
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Table 3 DIOBus Format 



Inil 



Pits (single/plural) 
<4> 
<3..0> 



Final operand 
Frame 



lnd>2 



Bits ( sin pie/plural 1 ) 
<4> 
<3..0> 



Field 
RdDATA effective 
P-op tag 



Bits (single/plural) 

<31..0> 



Field 
WrData<31..0> 



DIOBus 



In 62 



Bits (single/plural) 
<31..0> 



Field 
RdDATA 
<31..0> 



Table 4 Data Exchange Bus Format 

Cycle 1 <frl 



<21> 
<20> 
<19> 



Field 
AFReq 
NPHLd 
NPReq 



TableS EU End Bus Format 

In <fr2 

Bits (singlc/pluraP Field 

<4..2> Pseudo op tag 
<1.0> End Id 



Bits (single/plural) 
<21..20 
<19..16> 
<15..0> 



Cycle 2 <H 



Field 
TT (transfer type) 
P-op tag 
Data <1 5..0> 



A pseudo op tag contains three least significant bits of p-op flag of 
completed p-op 



Cyc)e 2 $2 



Pits (single/pjural) 
<18..16> 
<15..0> 



Field 
MemOp 
Data<31..16> 



End Id 
Value 
00 
01 
10 
11 



Meaning 
No end 
Normal end 
Mis-prediction branch direction 
end 

Abnormal end 
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Table 6 AP En4 Pus Fonrmt 



Pits (sin^e/plural) 

<3> 
<2> 
<1> 

o> 



Bits (smgle/pluraD 

<3> 
<2> 
<1> 
<0> 

End Id <7..0> 
Value 

OOXXXXXX 
01BD INHS 
10BD INHS 

110XXXXX 

1110 0001 

1111 0010 

mi oioo 

1111 0101 
1111 0110 
1111 0111 
1111 1000 
1111 1001 
1111 1010 
1111 1011 
1111 1100 
1111 1101 

1111 1110 



In 62 

Field 
End Id, bit <7> 
Id<6> 
Control bitB/Id<5> 
Control bits D/Id<4> 

In $2 (normal) 

Field 
Control bit I/Id<3> 
Control bitN/Id<2> 
Control bit H/Id<l> 
Control bit S/Id<0> 

Meaning 
No end 
Control bit renewal 
Mis-prediction address/ 
control bit renewal 
Normal end 

Debug 
»2SXcode 
General protection 
(instruction sensivity) 
Debug (break-point) 
Invalid operation code 
387 unavailable 
Double trouble 
Interruption 
Invalid TSS 
Segment absence 

Stack trouble 
General protection 
(excluding instruction) 
Page trouble 
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Table 7 Examples of S equence of Pseudo Op End and Tracking 









AP Item 


IEU Item 




Tag 


Pseudo Od 


Tag value 


Tag value 




3 


CHK) AG 








4 


XFE | 






A 


5 


XFE | AG 






B 


6 


DEC } AG 


3 OK 






7 


XFE | 




3 OK 




8 


XFE | AG 


4 OK 




C 


9 






6 OK 



5 OK 4 OK 

5 OK 



6 OK 9 OK 

7 OK 

8 page trouble 

7 OK 
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Fig.l 

3 state 

4 BLEN 

5 control 
6(12) DIO control 

8 control address 

12 — 15 addresses 

22 (32 +control) control control 

25 MCC <-> MCC <-> 

32 DIO data 

50 data incorporation 

52(104) POP bus 

55 PADR bus 

58 DXBus 

60 AP end bus 

62 . IEU end bus 

63 NP end bus 
65 MCC end bus 
j(2) KP end 
lower left comer control 
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Fig. 2 



2 


Vbits 


4 


instruction length to AP 


5 


I register 


48 


t pseudo OP 


50 


instruction bus 


55 


PADR bus 


100 


front end 




truncation information 




end information 


102 


decoder 




existent instruction byte 




effective instruction byte bits 




instruction length 




truncation information 




vectorization 




holding states 




register re-allocation 




register allocation 




P-OP information 


105 


back end t P-OP state T 




APend 




DEUend 




NPend 




MCC end 
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Fig. 3A 



50 instruction bus 

110 rotation/shift 

112 PCs i instruction length <- existent PC 4 target address 

115 control t to decoder i end information instruction request 

<- Vbits 

117 stream stack 

120 PADR bus monitor 

Fig. 3B 

130 IREG 

132 (from left) operation code decoding PLAs operation code decoding PLAs 

135 P-OP type decoding itoF.E. <l to B.E. 

137 instruction length decoding ILEN bus 

140 P-OP assembly logic -» tag from B. E. register re-allocation to B. E. 

<— existent register allocation from 
142 P-OP output queue T P-OP bus driver t P-OP bus 4/H 

145 issuance holding 

147 sequencer 

150 decoding holding t from F.E. 

MPX t vectorization and interruption logic f from B.E. 
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Fig. 3C 



160 (left) 
(right) 
(inside) 

165 

170 (left) 
(right) 

(bottom) 
(inside) 

177 



179 



180 



state-* oldest tag to FE 



truncation flag 



P-OP information issuance 
P-OP information complete end 
young old 

holding state calculation holding states to decoder 

DPC address stream ID address from F.E. — » stream ID history 
<— stream ID for branch truncation 
memory priority order logic response selection 
truncation information to decoder 
selector 

young old 
PSA 178 FLA 

register 

segment register re-allocation 
re-allocation logic 

t register re-allocation from decoder 
tag production 

—> decoder t issuance from DEC 
end bus logic — > to F.E. 
(left) -» end bus pad -> decoding/BADI 
I interruption logic I interruption pad 

(left) <- instruction information <- interruption 



<l existent allocation 
t truncation flag i flag/state pad 



Fig, 4 A 
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160 truncation tag = 7 



(left, from top) 

tag -» 

tail 

the free list 
head 

virtual register 



Fig.4B 
Fig.4C 
Fig, 4D 

Fig. 5 

(right) 
physical 
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Fig. 6 



300 


WRESQ (8 entries) 


302 


write buffer (8 entries) 


305 


SYSWQ (4 entries) 


307 


system buffer (1 entry) 


310 


NPWQ (8 entries) 


312 


NP buffer (4 entries) 


320 


PADRQ (4 entries) 



MPADRST (upper left) 1 FSM (1 entry) pipeline multiplexer 

MPIP (left middle) pipeline control <- DIO control <- MCC end 

MDXBUS (upper right) DXBUS interface 

MRDBUF (lower) read buffer (3 entries) 

MMIOST (lower) MMIO register (4 entries) 

write bus 20 

short-circuited bus 

state renewal bus 

(bottom) system bus interruption DIOBUS interface 
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Fig. 7A 



I Complex PLA 



450 P-OP queue I POP bus <47..0> 

455 single cycle PLA' S 

460 multiple cycle P-OP ROM 

470 end queue 

480 P-OP queue control 

482 Execution preparatory logic 

(most left, from top) tag state <4„0> 

DIObus<31..0> 
(upper left, from top) truncation control end queue control 

(bottom, from left) DINOUT bus queue queue control IMMED operand queue 

queue control state flag stack 4 flag register flag control 



DEU end <4..0> 



DIO control<4..0> 
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Fig. 7B 



(top left) 
(top right) 
(upper, from left) 



secondary bus 
bus (41 5) 
register file 
special logic 



read primary bus 

coupler 

ALU 

multiplication/division 



write primary bus 
LER 

barrel shifter 

ASCII decimal adjustment 



(middle, from left) DXBUS input queue 



DXBUS queue control 
DXBUS mediation 



DXBUS output queue 
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[Claims] 



(corrected, see Procedural Corrections at the end of document, issued on February 10, ) 
Claim 1. 

A computer processor, characterized by providing: 

a unit for issuing a series of operations achieving one unfinished operation, respectively if issued, 
multiple functional units capable of executing at least some of the unfinished operations, respectively, 
a unit for allocating tags comprising one member of an ordered tag assembly to each unfinished 
operation so that the relative ages of two unfinished operations can be determined by inspecting the 
allocated tags, 

a unit for determining the time of completing the given unfinished operations, and 

a unit for limiting the number of unfinished operations to ensure the uniqueness of the unfinished 

tags. 

Claim 2. 

The computer processor referred to in Claim 1 , in which the above limiting unit allowed to make at 
most n unfinishable operations at a time, wherein the above tags are issued in order over some range 
where they are in a range of more than or equal to 2n, and 

the relative ages of two unfinished operations can be determined by a comparison of these tags. 
Claim 3. 

The computer processor referred to in Claim 1 , which also provides 
a unit for determining the oldest unfinished operations and 

a unit for providing notice of a successful withdrawal of operations to at least some of the above 
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functional units by preparing tags that mark the boundary between the unfinished operations and the 
withdrawal operations. 



Claim 4. 

The computer processor referred to in Claim 3. which also proyides 

a unit for grouping adjacent operations so that the withdrawal of any operations in a group is 
performed only when the withdrawal of all operations in that grou p becomes possible. 

Claim 1 

The computer processor referred to in Claim 3. which also provides 

a unit for buffering intermediate memory writes in a period such that at least their source operations 
are unfinished but not withdrawn, 

a unit for outflowing buffered writes at the time of outflowing the source operations, and 

a unit for completing the arrangement of the buffered writes into a cache or memory when the source 

operations are withdrawn. 

Claim 6. 

The computer processor referred to in Claim 5. which also provides a unit for returning the buffered 
write data to subsequent read operations before the write data are outflowed or arranged in the cache 
or memory. 

Claim 7. 

The computer processor referred to in Claim 1 wherein the above issuing unit responds to an input 
instruction with an instruction set architecture containing m programmer visible registers and at least 
some operational changes of one of these registers, which also provides a unit for limiting the number 
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of unfinished register change operations to n, and at least (m + n) physical registers, and 
a unit for mapping the programmer visible registers into the physical registers. 

Claim 8. 

The computer processor referred to in Claim 1 , which also provides 

a unit for ensuring that the physical registers are not re-u sed until t he operation changing the physical 
re gisters has been successfully withdrawn an d a unit for restoring t he mapping from the imaginary to 
the physical to a precedent state at the time of detecting an abnormal state and therefore restoring the 
contents of the programmer visible registers. 

Claim 9. 

A computer proqessQr. characterised b y the fact of improving the interlock bypass and properties by 
providing multiple writing buffer queues allocated for processing specified types of write, 
respectively, 

a unit for s electing the hi g hest p riority order for each write queue and 
a unit for selecting the highest priority order queue. 

Claim 10. 

A computer processor, characterized by providing a unit for transforming instructions in an input 

Stream containin g the instructions into a series of operation? iq response to the input stream, 

multiple functional units capable of executing at least some of these operations, respectively, 

a unit for communicating the operations with at least some of the functional units (thus the 

communicated operations are called unfinished operations), a unit for maintaining information on the 

end of operations made by the functional units for each unfinished operation, 

a unit for determining when each operation combined and communicated with each functional unit 
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ends and com mun ic at i ng this end information to the maintaining unit together with a tag of opera-tion. 
a unit for determining the oldest unfinished operation, a unit for communicating the indication of the 
oldest unfinished operation with the functional unit a unit for permitting the withdrawal of the 
operation only in the case that end infomiation on at least the oldest unfinis h ed operation shows that 
the operations of all the functional units are normally completed in response to the end information of 
the operation, and 

a unit for renewing the indication of the old est unfinished operation to express that an operation thus 
withdrawn is not the oldest unfinished operation in response to the withdrawal of at least the oldest 
unfinished operation. 

Claim 11. 

The computer processor referred to in Claim 10. which also provides: 

a unit for communicating a truncation tag assigning a group of operations to be outflowed to the 
functional unit in response to information that the given un finished operation has been abnormally 
completed, and 

a unit for outfl owing all unfinished operations combined with the functional units and assigned hv 
truncation, 

a unit for deleting the assignment of unfinished operations from the operation operations assigned by 
the truncation, and 

a u nit for starting the allocation of tags started from a value equal to the tag of the outflowed oldest 
operation in the tag allocation unit 

Claim 12. 

A computer processor characterized by providing a unit for transforming instructions in an input 
stream containing instructions relating to a series of operations in response to the input stream, 
multiple functional units capable of executing at least some of these operations. 
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a unit for communicating these operations with at least some of the functional units fthus the 
communicated operations are called unfinished operations! and a unit for limiting the number of 
unfinished operations to a prescribed maximum, 
a unit for allocating tags to each unfinished operation in order, 

a unit for maintaining information on the end of operations made by the functional units for each 
unfinished operation, a unit for determining when each operation combined and communicating with 
each functional unit ends and which communicates the end information t o the maintenance unit 
together with an operation tag r 

a unit for communicating the indication of the unfinished operations with the functional units. 

a unit for withdrawing the normally completed operations in order in response to the end information 

from the functional units. 

a unit for providing instructions to the functional unit that at least this given unfinished operations 
and all later operatio ns are outflowed in response to information that the given unfinished operations 
have been abnormally completed . 

a unit for outflowing all the unfinished operations combined with the functional units and assigned bv 
the instruction unit and 

a unit for starting the allocation of tags started from a value equal to the tag of the outflowed earliest 
operation in the tag allocation unit 

Claim 13. 

A method for controlling pipelining operations in a computer processor containing multiple 
functional units capable of executing at least some of unfinished the operations, respectively, 
characterized bv being provided with a step for allocating tags comprising one member of ordered tag 
assembly to each unfinished operation so that the relative ages of two unfinished operations can be 
determined by inspecting the allocated tags. 

a step for determining the time of completing the given unfinished operations, and 

a step for limiting the number of unfinished operations to ensure the uniqueness of the unfinished 
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Claim 14. 



The method referred to in Claim 13 with at least some branch operations in the above operations 

comprising a step for predicting the results of unfinished branch operations. 

a step for detecting mis -predicti ons about the unfinished branch operations, and 

a step for outflowing all unfinished operations issued as the result of mis-predicted branch 

operations. 
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Claim 15. 



The method referred to in Claim 13 wherein the above issuing unit responds to an input instruction 

with an instruction set architecture containing m programmer visible registers and at least some 

operations change one of these registers, which also provides a step for limiting the number of 

unfinished register change operations to n, 

a step for preparing at least (m ± n) physical registers, and 

a unit for mapping the programmer visible registers into the physical registers. 

Claim 16. 

The method referred to in Claim 1 5, which also provides which also provides: 

a step for ensuring that the physical registers are not re-used until the operations changing the 

physical registers have been successfully, and 

a step for restoring the mapping from imaginary to the physical to a precedent state at the time of 
detecting an abnormal state and therefore restoring contents of the programmer visible registers . 
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